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1) INTRODUCTION 
The objective of this document is to define the following design aspects: 


- Design scope of services and deliverables 
- Design criteria (Basis of Design), 


This document provides the key information which is necessary to understand the essential 
design requirements; these may be repeated in other documents, with additional details 
provided where applicable; however, wherever there is a conflict between this document and 
the other technical volumes, the written requirements set out in this document shall prevail. 


2) GENERAL OVERVIEW OF THE PROJECT 


The Yellow BRT Corridor, which is part of the overall planned Karachi Mass Transit System 
(KMTS), is approximately 21 km long, starting from Dawood Chowrangi and ending at 
Numaish. In addition to its 8 segments presented in the below table, the Yellow BRT system 
will comprise two bus depots (one near Dawood Chowrangi and the other near Indus Hospital). 
There are also approximately 65 km of complementary feeder roads (hereinafter referred to as 
“off corridors”) which would be improved as part of the Yellow BRT Corridor development 


project. 

Segment Length (Km) 
Dawood Chowrangi - from the bus depot entrance to Dawood 

0 | Chowrangi 0.30 
Future Colony - from Dawood Chowrangi terminal to Mansehra 

1 | Colony 1.15 
8000 Road - from Mansehra Colony to Malir River bridge (Jam 

2 | Sadiq) 10.50 

3 | Malir River bridge (Jam Sadiq) 1.40 

4 | KPT interchange 0.70 
Korangi Road - from KPT Interchange to Shahrah-e-Faisal 

5 | Interchange 3.90 
Shahrah-e-Faisal - from Shahrah-e-Faisal Interchange to Shahrah- 

6 | e-Qaideen 1.65 

7 | Shahrah-e-Qaideen - from Shahrah-e-Faisal to M.A. Jinnah Road 1.40 
Total 21.00 


The construction of the “Yellow BRT” project is divided into six different packages: 


- Package 1: Construction of Depot 1 

- Package 2: Construction of Depot 2. 

- Package 3: Construction of Road Corridor & BRT infrastructure (segments 0,1 & 2) 

- Package 4: Design and Build of 1 km Jam Sadiq bridge (segment 3) single 
responsibility contract 

- Package 5: Construction of Road Corridor & BRT infrastructure (segments 4, 5, 6 & 
7) 

- Package 6: Improvements works for Off-Corridor 
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The Scope of Works under this Proposal/Contract is limited to Package (4). 


The Works related to Package 4 of the Yellow BRT Project, subject to this proposal, comprise 
the design and construction works pertaining to Segment 3 (as a single responsibility contract) 
of the Yellow BRT Project, as shown in the below figure. 


This section of the road consists of an existing dual 2-lane bridge (named Jam Sadiq Bridge) 
with a total length of circa 1 km and a width of up to 20 m, crossing over the Malir River and 
connecting Korangi industrial area with DHA. The two opposite directions of traffic are 
currently divided via a Concrete New Jersey Barrier with street lighting columns installed over 
it; there are also 1.5 m sidewalks on both sides of the existing structure. 


Parallel to the existing bridge, on the south side, there is an existing 132 kV Overhead Line that 
can’t be affected or impacted by the Project works. 


The scope of works under Package 4 is briefly summarized in, but not limited to, the following: 


1. Design, Construction and Remedying any defects of the works for a new bridge over 
Malir River, parallel to the existing bridge, with a total length of around 1 km, and 
comprising three (3) lanes for main mixed traffic, one (1) dedicated BRT lane, a 
sidewalk from one side and shared sidewalk/bicycle lane on the other side. This shall 
cover but not be limited to the following components: 


a. Structures; 
b. Hydrology & Hydraulic Study for the Malir River (including mathematical and 
physical model); 
c. Pavement; 
d. Street lighting; 
e. Surface drainage; 
f. Traffic control and safety devices; 
g. Utilities; 
h. Sidewalks 
2. Demolition works and site clearance of the existing Jam Sadiq bridge structure. 
3. Design, Construction and Remedying any defects of the works for a new bridge in-lieu 


of the demolished bridge to accommodate three (3) lanes for main mixed traffic, one 
(1) dedicated BRT lane, a sidewalk from one side and a shared sidewalk/bicycle lane 
on the other side. This shall cover but not be limited to the following components: 
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Structures 

Hydrology & Hydraulic Study for the Malir River (including mathematical and 
physical model) 

Pavement 

Street lighting 

Surface drainage 

Traffic control and safety devices 

Utilities 

Sidewalks 


oP 


moe ho ao 


4. Design, Implementation and Remedying any defects of the works for the bridge 
approach roads/ramps and tie-in with the existing roads and infrastructure as well as 
the new Malir Expressway Project. 


5. Obtaining all necessary approvals from the relevant authorities. 


6. Implementation of all Environmental Mitigation and Monitoring Measures, in both 
Design and Construction stages, as per the approved Yellow BRT Project EIA/SIA. 


7. Project-specific Environmental, Health, Safety and Security Plan. 


8. Temporary traffic diversion works to ensure and maintain traffic flow and accessibility 
to the adjacent private and public property at all times. 


9. Coordination with all other under construction and future projects within the project 
area and ensuring proper tie-in, including but not be limited to the following projects: 


a. Malir Expressway project 
b. Yellow BRT Corridor Project — Package 3 
c. Yellow BRT Corridor Project — Package 5 
d. Yellow BRT ITS Project 
10. Milestones: The Contractor shall adhere to the following Milestones as described 
hereinunder 


i. Milestone 1 (Completion of Design of two New Bridges): The Contractor shall 
complete all the design activities, survey and investigation works, technical studies 
(hydrology & hydraulic physical model Study, river training works) and 
submission of the final approved IFC drawings. This shall also include the 
coordination with the adjacent projects as listed in Point no, 9 above. 


ii. Milestone 2 (Completion of Piers of the 1“ New Bridge): The Contractor shall 
complete all excavation works, construction of all piles and foundation, 
construction of bridge piers and superstructure works up to the bottom of the deck 
level. The works include any necessary safety and precautions needed to ensure 
complete avoidance of any impact of the construction actvities of the new bridge 
on the Old Bridge (existing Jam Sadiq Bridge). The works also include the 
diversion (temporary and permanent) of the existing utilities running along the 
alignment of the new bridge and the existing old bridge to its final location. 
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ili. Milestone 3 (Completion of Deck of the 1st New Bridge): The Contractor shall 
complete all works for the new bridge deck including the installation of all safety 
barriers (temporary and permanent), pavement works, signages and road marking 
works (temporary and permanent), street lighting works, utilities and drainage 
works, and traffic diversion works. The works shall also include the complete tie- 
in (temporary and permanent) with all adjacent projects as listed in Point no, 9 
above. 


iv. Milestone 4 (1* New Bridge opened to traffic): The Contractor shall divert the 
existing traffic from the existing old Jam Sadiq Bridge to the newly constructed 
bridge. 


v. | Milestone 5 (Completion of Demolition and Relocation of Utilities of Old Bridge): 
The Contractor shall complete all demolition works of the existing old Jam Sadiq 
Bridge including the safe removal of the full depth of the foundation structure to 
ensure minimal change in river velocity up to the stable existing river bed level or 
more, subject to the Engineer’s approval on site, and scour protection depth. 
Contractor’s duty is to arrange the demolition works to be in line with the result 
and recommendation of the hydraulic study for the two bridges. 


vi. | Milestone 6 (Completion of Piers of the 2"! New Bridge in place of Old Bridge): 
The Contractor shall complete all excavation works, construction of all piles and 
foundations, construction of bridge piers and superstructure works up to the bottom 
of the deck level. The works include any necessary safety and precaution needed 
to ensure complete avoidance of any impact of the construction actvitives of the 
reconstructed bridge on the recently constructed bridge. 


vii. | Milesotne 7 (Completion of Deck of the 2™ New Bridge in place of Old Bridge): 
The Contractor shall complete all works for the bridge deck including the 
installation of all safety barriers (temporary and permanent), pavement works, 
signining and road marking works (temporary and permanent), street lighting 
works, utilities and drainage works, and traffic diversion works. The works shall 
also include the complete tie-in (temporary and permanent) with all adjacent 
projects as listed in Point no, 9 above. 


viii. | Milestone 8 (2™ New Bridge in place of old Bridge opened to traffic): The 
Contractor shall open 2nd New Bridgefor traffic following the ultimate road 
configuration as per the Contract drawings. 
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EXISTING JAM SADIQ BRIDGE 
TO BE DEMOLISHED AND 
RE-CONSTRUCTED 


DESIGN INTENT 


The Proposal Drawings and Specifications are intended to provide the minimum requirements 
for the Contractor to prepare the design of the Project, and it will be the responsibility of the 
Contractor to develop an economic and high-quality design that meets the Employer’s 
objectives and requirements set out in the Contract by which the Contractor is bound to. 


The Proposal Drawings are intended to show the basic details that shall be developed by the 
Contractor in his design, in addition to the main relationships between the elements of the 
Works. 


The Specifications indicate the minimum level of quality and standards that the Contractor 
should follow in workmanship, material, equipment, and plant as well as other works required 
for the Project. The Contractor shall not provide a level of quality or standards less than the 
specified. 


Nothing in the Proposal Design (Drawings and Specifications), whether a missing item or an 
ambiguity, shall be construed to relieve the Contractor of any of his responsibilities under the 
Contract Documents, and in particular the “Employer’s Requirements”. 


All pictures included in this document are indicative only and show the minimum intent. 


DESIGN RESPONSIBILITY 


The design works under the present Package 4 shall comprise the verification and validation of 
the Proposal Design and the preparation of the Detailed Design for all Project elements. 


The Proposal Drawings will form the basis for the preparation of the designs, subject to the 
verification and development by the Contractor. It is the responsibility of the Contractor to 
obtain all pertinent information and other data found necessary and to verify and ascertain 
surveys and investigations needed to perform his obligation. 
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5) 


5.1 


The Contractor shall be fully responsible for his design and for its functional adequacy, 
structural integrity, and its fitness for the intended purpose. 


Any information or data, whether expressed or implied, given in the Proposal / Contract 
documents with respect to climatological, hydrological, geophysical and sub-surface conditions 
on or in the vicinity of the Site, shall not be construed nor deemed to construe any passing of 
responsibility to the Employer or the Engineer for the correctness, accuracy, validity or use of 
any such information and data. The Contractor shall be solely responsible for his own 
assessment, interpretation and evaluation thereof and by virtue of the submitted proposal, the 
Contractor has made due allowance in his price/rates to all risks, contingencies and all other 
circumstances which may influence or affect the undertaking of the Works. 


The Contractor shall be responsible for carrying out his own topographic survey and producing 
survey mapping to cover the entire Project area for design and construction purposes. 


The Contractor shall be responsible for performing all geotechnical and geophysical 
investigations including but not limited to drilling boreholes, excavation of test pits and 
laboratory testing. 


The Contractor shall be responsible for preparing and providing all necessary design studies 
including but not limited to hydrological study, geotechnical study, structural study, temporary 
traffic management study, etc. 


The Contractor shall guarantee his design and shall employ experienced qualified design 
engineers and shall ensure that any design consultants employed by him carry adequate 
professional indemnity insurance. 


The Contractor shall ensure that the design complies with all applicable codes and 
requirements/regulations and appropriate recognized international standards, whether or not 
they are mentioned in the Proposal / Contract documents; whenever there is a conflict between 
the Authorities’ requirements and the requirements defined in the Contract Documents, the 
more stringent requirements shall prevail. 


The scope shall include any re-design task resulting from design errors that affect the execution 
of the design on-site or that are generated from site findings or construction conditions that 
could have not been foreseen or detected during the consolidation of data collection, 
preparatory works, and design processes. 


The Contractor shall obtain all approvals required for the design and construction of the Works, 
including but not limited to the Permits and approvals related to the design and construction, 
from all applicable Authorities. 


INTERFACE MANAGEMENT 


The Contractor shall take into account, in the development of his designs, the need for close 
coordination with others responsible for the implementation of subsequent or adjacent works 
that will interface with his works as well as with various related Authorities. This coordination 
is essential in order to minimize abortive works, and to ensure that the project progresses in 
accordance with the schedule. Furthermore, the Contractor should be aware that, due to the 
needs for interfacing works, revisions to his designs may be necessary during detailed design 
and construction. 
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5.2 In particular, the works interfaces will include, but not be limited to, coordination with those 
responsible for the design and implementation of other Yellow BRT Packages, the Malir 
Expressway Project and any other projects or works. 

6) DESIGN STAGES AND DELIVERABLES 
The scope of services shall encompass the design works, their components and the documents 
and drawings composing the construction documents for Package 4. These services cover in 
addition to the design, the coordination with the Independent Design Review and Road Safety 
Audit Consultants assigned by the Employer, responding to and implementing their comments, 
answering their queries, attending meetings and workshops with them, and preparing 
presentations at short notice. 

The scope shall include any re-design task resulting from design errors or deficiencies that are 
identified by the independent design reviews and road safety audits. 

6.1 DESIGN STAGES 
The design stages under the Contract shall include the following: 

z Validation of the Concept Design Stage 
- Detailed Design Stage 

6.2 DESIGN DELIVERABLES AT THE VALIDATION OF THE CONCEPT DESIGN 
STAGE 
The design deliverables that shall be submitted by the Contractor in this stage include but are 
not limited to the following: 

- Concept Design Drawings and Report; 

- Topographic Survey Report; 

- Geotechnical Investigations Methodology Report; 

- BIM Execution Plan 

These shall be submitted in soft and hard copies, one (1) original and three (3) copies. 

6.3 DESIGN DELIVERABLES AT THE DETAILED DESIGN STAGE 
Based upon the validated Concept Design and the results of the various surveys and studies that 
he shall carry out, the Contractor shall develop the Detailed Design of all Project components 
and submit, without limitation, the following deliverables. 

6-3-1 Geotechnical Design 
The Contractor shall carry out detailed geotechnical investigations in order to examine the 
geological, hydrogeological and geotechnical conditions and determine the design geotechnical 
parameters, as required. The Contractor shall use the results of these detailed investigations in 
the preparation of recommendations for the bridge foundations. 
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The Contractor should also identify the locations of all problematic surface and sub-surface 
materials that could affect the design and construction of the bridge, along with improved 
methods where required. 


The minimum deliverables for such a task shall be as follows: 


1. Site investigations scope and drawings; 

2. Geotechnical Interpretative Report (GIR); 

3. Ground improvement drawings and specifications, as applicable 

6-3-2 Hydrology & Hydraulic Physical Model Study, River Training Works 

The Contractor shall submit, as a minimum, the following documents and drawings related to 

the hydrology & hydraulic physical model study and river training works: 

1. Hydrology and Hydraulic Physical Model and Study Report (with complete 
calculations), after obtaining the final approval from the relevant Authorities. 

2: Topographic / Riverine Survey drawings for the river at scale 1/1000 (AutoCAD and 
PDF) as per the requirements for conducting the Physical Model Study. 

3. Soft copies of mathematical model / all reports / maps / layout, etc. 

6-3-3 Road Design 

The Contractor shall develop the detailed design for the new road bridges and their approaches 

in accordance with the design standards set out in ‘Section 7’ of this document. 

As a minimum, the following drawings shall be prepared: 

1. Plans at scale 1/1000 showing reference lines, edge lines, curve radii, dimensions of 
the structure, BRT lane, sidewalks, tie-in with the existing roads/under-construction 
projects, etc.; 

2. Profiles at scales 1/1000 (H) and 1/100 (V) showing reference lines, gradients, curve 
data, crossfalls, superelevation, ground lines and the locations of bridges; 

3. Roadway and pavement cross-sections; 

4. Pavement details and material properties; 

5; Detailed setting out data; 

6. Plans at scale 1/1000 showing the locations of carriageway markings and traffic signs; 

Ls Details of carriageway markings and road signs, as applicable; 

8. Details of miscellaneous items such as curbs and barriers; 

9. Temporary traffic diversion plans 

The Contractor shall arrange for a Road Safety Audit (RSA) of his design through a detailed 

and systematic safety check of all road elements. The road safety auditor engaged by the 

Contractor shall be an independent person/entity outside the team of experts who were involved 

in the design. The Contractor shall submit a Road Safety Audit Report to the Engineer or any 

other independent entity engaged by the Employer, for their approval. The Contractor shall be 
responsible for updating his design drawings and documents to reflect all agreed safety 
recommendations. 

6-3-4 Stormwater Drainage Design 

The Contractor shall study the drainage for the bridges and approach roads, and shall protect 

the project components against any drainage problems. 

The Contractor shall submit a drainage design report covering the following elements: 
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1 Description of the proposed systems 
2: Design criteria, codes and regulations 
3. Full design calculations 

4 Materials proposed 

5 Scour analysis 


The Contractor’s final drawings shall include, but are not limited to, the following: 


1. Layout Plans at scale 1/1000 

2: Details of stormwater drainage system including any special provisions 
3. Structural and infrastructure details 

4. Details of connections to public utilities and off-site utilities (if any) 


6-3-5 Structural Design of the New Bridges 
The detailed design of the new bridges shall include, but not be limited to, the following: 
1. General arrangement drawings showing location, layout, longitudinal profile and key 
dimensions (scale 1:500) 
2; Details of foundations, substructure and superstructure of the bridge (scale 1:100) 
3. Reinforcement drawings for the various structural elements of the bridge and retaining 
walls (scales 1:50, 1:25) 
4. Services arrangement details including ducts, drainage facilities, lighting columns and 
safety barriers (scale 1:10) 
5: Details for pre-stressing and post-tensioning, pre-stressing losses and details (scale 
1:10) 
6. Details of expansion joints, bearings, anchors, ducts, deck drainage and other 
components and fittings (scale 1:10) 
7. Waterproofing details (scales 1:25, 1:10) 
8. Construction sequence (scale 1:500) 
9 Durability study 
10. Calculation notes 
6-3-6 Electrical Design 
The Contractor shall submit, as a minimum, the following documents and drawings related to 
the electrical works for the new bridges: 
1. Street lighting layout (at scale 1/1000) and section drawings 
2. ITS civil infrastructure layout (at scale 1/1000) and section drawings 
3. Outdoor distribution boards (feeder pillars) SLD (Single Line Diagram) drawings 
4. Lighting fixtures details 
J: Civil works and installation details 
6. Street lighting calculations 
7. Voltage drop and short circuit calculations 
8. Earthing drawings and calculations 
6-3-7 Utilities 
The Contractor shall submit a design report covering all utilities and including the following 
elements: 
- Description of the proposed systems 
- Relocation methods 
- Protection methods 
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The Contractor’s detailed design drawings for various utilities shall include, as a minimum, the 
following: 


1. Plans and details of utility relocation and protection works at scale 1/1000 

2. Details of connections to public utilities and off-site utilities (if any) 

3. Structural details related to any other utility structures as deemed necessary 

6-3-8 Temporary Traffic Management Plan 

The Contractor shall submit a detailed Temporary Traffic Management Plan (TTMP) that will 

be implemented during Construction, which shall include at least the following: 

1. Detailed drawings illustrating existing roads along with the proposed traffic diversion 
schemes including all required signage (ex: regulatory, directional, and information 
signs, etc.). The Plan shall also include traffic staging drawings. 

2. Details of all safety measures to be undertaken in the traffic diversions. 

3. The plan must indicate separate routes for the Contractor’s trucks/equipment 
movement in the vicinity of the site. 

4. A schedule showing the start and end date of the diversion. 

5: A matrix showing all risks/issues related to the TTMP as well as the mitigation 
measures of same. 

6. The plan shall include the provision of easy access to all emergency services (such as 
police, ambulance, and civil defense). 

7. The name and contact details of emergency contact persons in case of temporary road 
blockage. 

8. Proper consideration of drainage issues in the diversions. 

9. Signing strategy. 

6-3-9 Submission of Detailed Design 

The Contractor’s prepared designs shall be submitted, for Employer review and comments, in 

two (02) distinct phases: 

- Draft Detailed Design 

- Final Detailed Design/IFC, incorporating all Employer comments on the Draft 
submission 

The Final Hydrology and Hydraulic Physical Model Study Report shall be submitted after 

obtaining approvals from the relevant Authorities (Sindh Irrigation Department). 

Upon completion of the Detailed Designs, the Contractor shall submit, without limitation, the 

following documents and drawings: 

- Final approved design drawings 

- Final BIM Model 

- Approvals from all relevant Authorities 

- Detailed design report, approved studies and investigations reports 

- Calculation notes 

- Detailed bill of quantities comprising breakdown of all the line items included in the 
Pricing Schedule 

All Detailed Design deliverables shall be submitted in soft and hard copies, one (1) original and 

three (3) copies. 
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7) 


7.1 


BASIS OF DESIGN 


The narrative of this section defines the Basis of Design related to the following main design 
disciplines: 


GEOTECHNICAL DESIGN 
Geotechnical Scope of Works 


The subsurface data included in ‘Volume 5’ of the Proposal Documents, is provided for 
information only. The Contractor shall perform design-level geotechnical investigations for the 
new bridge, to validate and augment the available information. The geotechnical investigations 
performed by the Contractor shall meet or exceed the requirements of the Project Specifications 
and the latest edition of AASHTO LRFD Bridge Design Specifications. 


The Contractor shall collect appropriate data for geotechnical evaluation of embankments, soil 
cuts, bridge structures and any other earth-supported structures or highway design elements and 
construction. 


The Contractor shall be responsible for obtaining the permit(s) required for any borings or test 
pits. The Contractor shall undertake laboratory tests following pertinent ASTM or AASHTO 
standards, analyze the data and deduce design and construction recommendations. Approved 
laboratories and site investigation subcontractors shall perform soil, aggregate, concrete, and 
other materials tests. 


The Contractor shall provide all records of subsurface explorations and describe the soils 
encountered and their depth limits following the Project specifications and the requirements 
outlined in AASHTO LRFD Bridge Design Specifications. The Contractor shall provide 
electronic copies of all subsurface explorations per the Project Specifications. 


According to the Contract schedule, the Contractor shall submit to the Engineer for review all 
geotechnical design reports and calculations that summarize the pertinent subsurface 
investigations, tests, and geotechnical engineering evaluations and recommendations utilized 
to support their design/construction documents. 


The results of the geotechnical investigation and laboratory results shall support design and 
construction efforts to meet the requirements outlined in this Proposal/Contract. The Contractor 
shall reference the drawings that incorporate the relevant results. The Contractor’s Quality 
Assurance and Quality Control (QA/QC) Plan shall document how each specific geotechnical 
recommendation or requirement will be addressed in the detailed design/IFC documentation. 


Geotechnical Requirements 


In addition to the design requirements outlined in AASHTO LRFD Bridge Design 
Specifications, the Contractor shall analyze methods to minimize differential settlement at the 
approaches to the new bridges and provide construction recommendations to address soil- 
structure interaction to accommodate the applied construction methods. 


The design of pavements, subgrades, and embankments shall meet the following post- 
construction settlement tolerances: 


° Settlements shall not impede positive drainage of the pavement surface, especially 
within the travel lanes, nor subject the roadway to flooding in the area where it is 
applicable. 
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7.2 


° Settlements shall not result in damage to adjacent or underlying structures, including 
utilities. 

° Humps, depressions, and irregularities exceeding the specified tolerances shall not be 
accepted. 


The Contractor shall consider the settlement effect on the foundations. The Contractor shall 
design the new structures considering estimates of elastic, consolidation, and secondary 
settlement (total settlement), such that all structures are able to accommodate total and 
differential settlement. The total vertical and/or differential settlements of the proposed 
structures shall not exceed the performance tolerances noted above for pavement and bridge 
deck. 


The Contractor shall design stable cut/embankment slopes and evaluate their stability for 
interim construction stages, the end of construction condition, and design-life conditions. The 
design shall satisfy the following criteria: 


° The maximum slope ratio for cut and/or fill slopes should not be steeper than 2H:1V. 


The safety factors are determined by the limit equilibrium analysis methods for representative 
sections of all soil cuts and soil embankment fill areas. The minimum factor of safety shall be 
1.5 under the gravity loads and 1.1 under the seismic loads. 


HYDROLOGY & HYDRAULIC PHYSICAL MODEL, RIVER TRAINING 


The Contractor shall build a physical model, at a scale of 1/40 or 1/50, prepared (based on the 
mathematical study report, Sindh Irrigation Department Requirements) by a reputed and 
competent hydraulic research institute / department in Pakistan (such as Indus Research Centre 
at Hyderabad or Hydraulic Research Institute at Nandipur), using the riverine survey data, flood 
hydrology report, historic data of Karachi/Malir River, existing outfalls of stormwater drain 
disposal, high tide conditions of the sea, maximum discharge, catchment areas, rainfall pattern 
of Karachi, old studies/reports conducted for the Malir River for 100 years return period, etc. 


The physical model shall be operated after calibration for variable water flow discharges, 
including the maximum and historical discharges, to study the behavior of the river and to 
recommend the most appropriate location, length, skew angle of the bridge, type and size and 
geometry of river training works such as guide banks, flood bunds, cunette, spurs, etc. and also 
the afflux at different water flow condition including maximum discharge for which the bridge 
and river training works shall be designed. 


Up-to-date topographical surveys (riverine survey), and geotechnical/sub-soil investigations 
shall be used for the physical, hydrological and hydraulic model studies. 


The Contractor shall design River Training works (including without limitation clearing & 
grubbing, excavation, cut, fill, levelling, dressing, jungle cutting, grouted riprap, granular filter 
layer, granular sub-base layer) and embankment with its protection (stone pitching and geo 
membrane) following the recommendations of the Hydraulic/Physical model study for 
maximum possible discharge for the 100-year return period. 


For the assessment of water surface profile, steady-state simulations at maximum possible 
discharge shall be carried out for the following three (3) scenarios: 


1. Scenario 1: Existing / Base Conditions 
2. Scenario 2: Proposed Yellow Line Corridor/ Bridge Without Any Other Proposed 
Interventions (Upstream and Downstream of New Bridge) 
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3. Scenario 3: Proposed Yellow Line Corridor/ Bridge with All Proposed Works — Malir 
Expressway Structures at Right Bank of Malir River along with the Korangi Bridge 
Project (Urban Road Initiative project) Downstream Features / Components (shifting 
of left existing bund) 


Protection works for pile caps and retaining walls against soil and surrounding water, abutment 
stem against backfilling and surrounding water shall be designed for maximum possible 
discharge for a 100-year return period. The scour depth shall be recalculated by the Contractor 
as per the recommendation of the hydrological and hydraulic model study. 


The Contractor shall be responsible for securing approval from relevant Authorities on the 
Physical Model Study. 


ROAD DESIGN 


The Contractor shall develop the road detailed design for the new bridges and their approaches. 
The limit of work on the approach roads shall extend, as a minimum, until the road profile 
meets the existing ground level, as indicatively shown on the Proposal Drawings. At this limit, 
the Contractor shall match and tie his design to the final approved road design of Package 3 
and Package 5. 


The Contractor shall develop the design of the tie-ins / tapers for connecting ramps with the 
future Malir Expressway. For this, the Contractor shall coordinate with the Design-Build 
Contractor of the Malir Expressway Project for the exact locations, extent and details of the 
required tie-ins / tapers. 


The Contractor shall also coordinate his work schedule with the contractors of Yellow BRT 
Packages 3 and Package 5, as well as Malir Expressway Project, such that proper and timely 
tie-in between all packages/projects is achieved. In case the construction works at the tie-in 
points by either Package 3, Package 5 or Malir Expressway Project contractors are not ready 
by the time the Package 4 Contractor is finishing his works, the Contractor shall design and 
implement temporary tie-ins with the existing roads beyond his limit of work, as schematically 
shown in the below figure. 


The horizontal and vertical geometric design shall be based on the latest edition of the American 
Association of State Highway and Transportation Officials AASHTO-Geometric Design of 
Highways and Streets. 
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Package 4 


986m 


Chowraligi 
NEW JAM SADIQ BRIDGE 2 he foundabout 


EXISTING JAM SADIQ BRIDGE 
TO BE DEMOLISHED AND 
RE-CONSTRUCTED 


The recommended road geometric design criteria are summarized hereafter; they represent 
minimum values which shall be improved upon wherever possible. The below criteria shall also 
apply to all temporary works. 


A- Design Vehicle: 


Two types of design vehicles shall be considered in the design of the BRT Lane and 
the mix-traffic lanes, as follows: 


Design Vehicle for BRT lane is Articulated Bus 


Length =18.3m 
Width =2.6m 


Design Vehicle for Mix Traffic Lane is Interstate Semi-Trailer, WB 20 


Length =22.4m 
Width =2.6m 
B- Geometric Design Criteria: 
Description Design Speed kph 
BRT Lane Mix Traffic Lane 
50 60 
Stopping Sight Distance (m) 65 85 
Passing Sight Distance (m) 160 180 
Minimum Horizontal Curve Radius (m) 87 135 
Maximum Superelevation rate 4% 
Longitudinal Gradient (max.) 4% 
Minimum K value (at Crest) 7 11 
Minimum K value (at Sag) 13 18 
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7.4 


7.5 


C- Cross Section Elements: 
Width 
BRT Lane =3.5m 
Mix Traffic Lane =3.5m 
Lane Delineator = 0.5 to 0.6 m 
Sidewalk — min =1.5m 


Cross Slope 


Min. Slope = 1.5 % on bridge 
= 2 % on approach road 


D- Signing and Road Marking Design Criteria: 


The design of the Traffic Signs and Road Marking shall follow the recommendations 
of the latest edition of the Manual on Uniform Traffic Control Devices for Streets and 
Highways, by Federal Highway Administration, USA. 


E- Protection Devices: 
The protection devices shall include, but not be limited to, the following: 


— New Jersey Barriers to protect the existing electrical OHL Pylon in the road 
median 

= Non-Mountable Curbs at the edges of the traffic lanes 

= Mountable Curbs at the outer edge of the BRT lane 


The Contractor shall provide a permanent Visual Barrier at the south-west edge of the 
re-constructed Jam Sadiq Bridge. 


STORMWATER DRAINAGE 


The Contractor shall prepare a stormwater drainage detailed design based on rainfall patterns 
for Karachi, historical data, and the final cross-section of the bridge and ramps/approaches. 


Rainwater pipes shall be provided at suitable intervals along the bridge structure, and water 
drainage shall be ensured from both sides of the bridge. The drainage system shall not allow 
free drop from the bridge deck to the ground level, and a proper drainage pipe with maintenance 
access shall be provided to drain the surface water away from the body of the bridge. 


Chutes shall be provided on both sides of the embankment to drain the rainwater and avoid 
thick sheet of water on the bridge approaches/ramps. 


PAVEMENT DESIGN 


The Contractor shall prepare the detailed design for the pavement structures on both new 
bridges, as well as for the approach roads on both sides. The Contractor's scope includes 
drainage and subdrainage requirements (as required) to ensure positive drainage within the 
pavement structure and on the pavement surface. 
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A- Approach Roads: 


The Contractor shall develop the design of the pavement layers for the approach roads 
in accordance with the latest edition of AASHTO Guide for the Design of Pavement 
Structures, supported with detailed calculation notes. The Contractor shall coordinate 
and adapt his designs with the approved pavement sections in Yellow BRT Package 3 
and Package 5, to ensure consistency and continuity along the entire corridor. 


The pavement design shall be based upon the following criteria: 


° A minimum soil CBR value of 10 

e All subgrade is compacted per the applicable Project Specification Sections 

e All unsuitable materials must be removed or modified per the Project 
Specifications 


The Proposal Design summarized below provides the minimum requirements for the 
mix traffic lanes, subject to final coordination and alignment with Packages 3 and 5: 


50 mm Asphalt Concrete Wearing Course 

e Tack Coat 

° 210 mm Asphalt Concrete Base Course (in three equal layers 70 mm with tack 
coat in between) 

Prime Coat 

150 mm Aggregate Base Material, 

200 mm Aggregate Subbase Material 

300 mm Improved Subgrade, (CBR > 20 %) 

Subgrade layer, laid and compacted as specified 


The Proposal Design summarized below provides the minimum requirements for the 
BRT lanes, subject to final coordination and alignment with Packages 3 and 5: 


° 50 mm Asphalt Concrete Wearing Course 

e Tack Coat 

° 190 mm Asphalt Concrete Base Course (in three layers: 70 mm+ 60 mm+ 60 
mm with tack coat in between) 

Prime Coat 

150 mm Aggregate Base Material, 

200 mm Aggregate Subbase Material 

300 mm Improved Subgrade, (CBR > 20 %) 

Subgrade layer, laid and compacted as specified 


B- Bridge Decks: 


A minimum layer of 60 mm bituminous wearing course shall be applied for both BRT 
and mix traffic lanes on both new bridges. 
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7.6 STRUCTURAL DESIGN OF THE NEW BRIDGES 
The structural design of the new and reconstructed Jam Sadiq Bridges shall be based on the 
principles of structural efficiency, reflected in: 
- Economy 
- Maintainability 
- Constructability 
- Flexibility 
- Commonality 
- Aesthetics 
- Safety 
- Operational requirements 
The Proposal Design of the new Jam Sadiq Bridges structure is based on precast pre-tensioned 
or post-tensioned concrete I-girder or T-girder, with the cast in situ deck slab supported on 
concrete transom founded on piers on pile-supported pile caps. 
The abutments of the bridge shall be parallel to the road alignment. If this is not possible, then 
the deck shall be positioned parallel to the road alignment, forming a skew angle at the abutment 
location. 
7.6.1 Codes and Standards 
The list of national and international standards referred to in this section is non-exhaustive and 
represents the minimum to be applied. It may be permitted to adopt other standards subject to 
the Employer and the Engineer approval, provided that such standards are equivalent to or 
superior to those referenced herein. 
The following hierarchy of codes, standards and loads shall be adopted by the Contractor in the 
analysis and design of structures: 
° AASHTO LRED Bridge Design Specifications - latest edition: For analysis and design, 
and for all loads and load combinations 
° Pakistan Highway Code of Practice for Bridges 1967: For vehicular loads, their spacing 
and impact factors 
° Building Code of Pakistan with (Seismic Provision-2007): For seismic provisions 
° UBC / IBC 2003: For seismic zoning in addition to the revised seismic risk map of 
Pakistan 
° ASTM: For material specifications and testing 
° ACI 318-19 Building Code Portal - American Concrete Institute: For analysis, design 
and detailing, only in case such details are not specified in AASHTO and for 
assessment of the exposure conditions and durability requirements for concrete 
° ACI 201.2R Guide to Durable Concrete: Provide recommendations and measures to 
achieve durable concrete 
e National Highway Authority — General Specifications 1998 
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7.6.2 Design Service Life 
The new bridge structure shall be designed to achieve a minimum design service life of 75 years 
in accordance with AASHTO LRFD. 
The design service life of a structure or any of its components shall be that period for which it 
is required to fulfil its intended function without unforeseen costs or disruption for maintenance 
or repair. 

7.6.3 Durability 
Design for durability shall ensure that the structural elements can achieve the stated design 
service life, without unforeseen cost for maintenance or repair, whilst taking into account the 
environmental conditions including exposure to: 
(a) Aggressive soil and groundwater including exposure to chlorides and sulphates. 
(b) Carbonation. 
(c) Oxygen. 
The design of reinforced concrete elements shall adopt a performance-based service life design 
method using appropriate modelling of the predicted deterioration of the concrete and the 
initiation and propagation of reinforcement corrosion. 
Primary durability measures shall limit chloride and carbonation penetration into the concrete 
such that corrosion of the embedded reinforcement is effectively delayed, and the required 
design life of the element is assured. This should be achieved by providing dense impermeable 
concrete and sufficient concrete cover appropriate for the exposure conditions. 
Additional enhancement measures such as the provision of barrier membranes or coatings and 
corrosion inhibitors shall not be cause for a relaxation of the primary durability measures. 
The required service life criteria for reinforced concrete structures shall be achieved by the 
specification of any appropriate concrete mix design in accordance with the durability 
measures. An appropriate concrete mix may include but is not limited to: 
- Adequate compressive strength grade 
- High cementitious content 
- Cementitious replacement material such as GGBS, PFA, MS, individually or in 

combination, as appropriate 

- Low water-cementitious ratio 
- Low heat of hydration 
- High quality constituent material free from deleterious substances 
- Non-reactive aggregates 
- Corrosion inhibitors, waterproofing additives or similar 
Where reinforcement is particularly vulnerable to corrosion, for example at movement joints, 
and where subsequent repairs are not feasible then appropriate measures shall be taken in 
accordance with the Durability Study. 
Piles shall be protected using sacrificial steel liner whose thickness shall be determined based 
on the exposure condition such that it survives for 75 years. Sacrificial pile casing shall comply 
with the project specifications. 
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7.6.4 Waterproofing 


All buried reinforced concrete elements shall be protected by a waterproofing membrane, to 
exclude water and protect the structure from chemical and chloride attacks and degradation. 


Where part of the structure is submerged below the water table and partly exposed to the 
atmosphere, then it will be vulnerable to the capillary rise of water through the structure, caused 
by evaporation of water at the exposed surface. This will tend to draw chlorides into the 
structure and concentrate them on the concrete surface leading to accelerated corrosion of 
reinforcement. This concrete will thus have to be waterproofed. 


7.6.5 Fire Resistance Period 
Fire protection to the structural members shall be in accordance with the requirements of NFPA 


101, and the local Civil Defense Authority. The fire rating for the Bridge shall be minimum of 
2.0 hours. 


7.6.6 Design Loads 


(a) Dead Load And Superimposed Dead Load 


The unit weight densities of materials shall be as shown below: 


Component Unit Weight 

Blinding and mass concrete 23.0 kN/m? 

Reinforced and pre-stressed concrete 25.0 kN/m” 

Asphalt wearing course 23.0 kN/m’ (60 mm + 50 mm future provision) 
Structural Steel 77.0 kN/m 

Earth fill 19.0 kN/m 


Other superimposed dead loads such as waterproofing, road surfacing, footpath, utilities 
handrail, parapet, etc., shall be estimated and considered in the design. 


(b) Live load vertical loads 
i. Number of lanes and multiple presence factors 


The number of lanes shall be taken as the integer of w / 3600, where ‘w’ is the clear 
roadway in mm between curbs /barriers (AASHTO LRFD clause 3.6.1.1.1). 


ii. Live load 


The Contractor shall consider all the loading scenarios detailed below and shall adopt 
in his design the most severe resulting straining actions. These scenarios combine 
requirements from both West Pakistan Code of Practice for Highway Bridges 1967 
(WPCHB) and AASHTO LRFD Section 3.6.1. 
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A. CLASS AA LOADING 


The 70 Ton tracked military vehicle to be placed in accordance with WPCHB 


to give maximum stresses. No modifying factor shall be applied to cater for 
overloading. 
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70 TON MILITARY LOADING 


B. CLASS A LOADING 


The 54.5 Ton train of trailers (with different axle loads) to be placed in 
accordance with WPCHB to give maximum stresses. No modifying factor shall 
be applied to cater for overloading. 


from O tol- 4" 
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LIMITING POSITION OF STANDARD TRUCK -TRAIN Loaptne 
WITH REFERENCE TO A TRAFFIC LANE 
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C. 


LRFD DESIGN TRUCK 


The position of the design truck shall be 300 mm from the barrier edge or 600 
mm from the design lane edge as specified in AASHTO LRFD 3.6.1.2.2. 
Magnification factor of 1.25 shall be applied to cater for overloading. 


8.0 KIP 32.0 KIP 32.0 KIP 


R- ee one pe 
14'-0"_|_14'-o" To 30'-0" j 6-0 


LRFD DESIGN TANDEM 


The load for Design Tandem shall be as per AASHTO LRFD 3.6.1.2.3. The 
position of the design tandem shall be 300 mm from the barrier edge or 600 
mm from the design lane edge. 


The design tandem shall consist of a pair of 25-kip (111.2 kN) axles spaced 4 
ft (1.22 m) apart. The transverse spacing of wheels shall be taken as 6 ft (1.83 
m). Magnification factor of 1.25 shall be applied to cater for overloading. 


LRFD DESIGN LANE LOAD 


Design lane load shall be as per AASHTO LRFD 3.6.1.2.4. The 3 m wide 
design lane load shall be positioned freely within the lane to provide the most 
onerous situation. 


The design lane shall consist of a load of 0.64 klif (0.87 kN\m) uniformly 
distributed in the longitudinal direction. Transversely, the design lane load 
shall be assumed to be uniformly distributed over a 10 ft width (3 m). The force 
effects from the design lane shall not be subject to a dynamic load allowance. 
Magnification factor of 1.25 shall be applied to cater for overloading. 


TIRE CONTACT AREA 


The tire contact area of a wheel consisting of one tire shall be assumed to be a 
single rectangle, whose width is 20 in (50 mm) and whose length is 10 in (25 
mm). The bridge deck slab shall be checked in punching shear for a wheel load 
of 21,000 pounds (95 kN). 


IMPACT LOAD 
Impact loading on the bridge superstructure shall be taken in accordance with 


WPCHB for class A & class AA Trucks, while impact factors stated in LRFD 
shall be applied for LRFD loading. 


(c) Live load associated action 


The following horizontal loads associated with live load shall be considered: 


Transverse centrifugal force for curved roads 


Longitudinal braking force 
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A. CENTRIFUGAL FORCE 


Horizontal centrifugal force shall be calculated in accordance with AASHTO 
LRFD 3.6.3. 


Maximum speed limit shall be considered as 50 kph for BRT and 60 kph for 
mix traffic. The multiple presence factors for lanes occupation shall apply. The 
centrifugal force shall be applied at 6 ft (1.80 m) above surfacing. 


B. BRAKING FORCE 


Braking force shall be taken as per AASHTO LRFD 3.6.4. The braking force 
shall be applied at 6 ft (1.80 m) above surfacing. 


(d) Walkway live load 


Consideration shall be given to future expansion by designing the footpath as part of the traffic 
lanes. 


(e) Wind load on structure 


The design wind pressure shall be calculated in accordance with AASHTO LRFD 3.8. The 
wind load on the structure shall be applied at the center of gravity of the vertical projection of 
the structure depth. 


Basic wind speed is 80 mph as per BCP 2007. 
(f) Wind load on live load 


When vehicles are present, the design wind pressure shall be applied to both structure and 
vehicles. Wind pressure on vehicles shall be represented by an interruptible, moving force of 
0.1 klf (1.46 kN/m) acting normal to, and 1800 mm above, the roadway and shall be transmitted 
to the structure in accordance with AASHTO LRFD 3.8.1.3. 


(g) Vertical wind load 


This force shall be applied only for the Strength III and Service IV limit states which do not 
involve wind on live load, and only when the direction of the wind is taken to be perpendicular 
to the longitudinal axis of the bridge (AASHTO LRFD 3.8.2). This linear force shall be applied 
at the windward quarter point of the deck width in conjunction with the horizontal wind loads 
specified in AASHTO LRFD 3.8.1. 


(h) Thermal forces 
A. TEMPERATURE RANGE 


The uniform temperature load applied to the concrete elements shall be taken 
equivalent to +/- 20 °C. 


B. TEMPERATURE GRADIENT 


The gradient of temperature shall be assumed to act short-term. The gradient load shall 
be taken equivalent to +/- 5 °C. 
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(i) Creep and shrinkage 


Short-term and long-term creep and shrinkage effects shall be calculated based on the CEB-FIP 
1990 Model Code. 


Where appropriate, differential shrinkage strains between concretes of different age and 
composition, and between concrete and steel, shall be determined in accordance with provisions 
of AASHTO LRED Section 5. 


(Gj) Earth pressure 


For all components of the structure in contact with soil, the geotechnical information shall be 
reviewed to ensure that the design takes into account local ground conditions. Lateral earth 
pressure shall be calculated as per AASHTO LRFD 3.11.5 and based on site-specific data. 


The effect of live load surcharge on the abutment and other earth retaining structures shall be 
as per AASHTO LRFD 3.11.6.4. Effects of dead loads and live loads from foundations of 
adjacent structures shall be considered. Earth Pressure induced by earthquake shall follow the 
Mononobe-Okabe method as outlined under AASHTO. 


(k) Settlement of supports 


The total and differential settlement of the foundation shall be estimated based on geotechnical 
investigation and the results from pile load testing, and taken into consideration in the design. 


(D Seismic Loads 


Earthquake forces shall be calculated according to AASHTO LRED, keeping in mind the recent 
earthquake of October 8, 2005. 


A. SEISMIC LOADING 


Seismic Zone : 2B as per BCP 2007 

Soil Profile Type : Sp 

PGA : 0.25g (AASHTO LRED - Latest Edition) 
Ss = 0.625 

S1 =0.25 

Operational Classification : Essential 


B. MINIMUM SEAT WIDTH 


Where possible, no longitudinal restrainers shall be provided and the abutment / 
transom shall satisfy the minimum seat width, as per AASHTO LRFD 4.7.4.4. 


(m) Collision forces 
A. COLLISION OF ROAD TRAFFIC ON BRIDGE PARAPETS 
Test level four (TL4) in accordance with AASHTO LRFD 13.7.2 shall be considered. 


These forces shall be considered acting concurrently on the parapet in accordance with 
AASHTO LRED Table A13.2-1. 
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B. COLLISION ON SUBSTRUCTURES 


Abutments and piers located within a distance of 30 ft (9.10 m) to the edge of the 
roadway shall be investigated for collision. The pier and abutment shall be designed 
for an equivalent static force of 600 kip (270 Ton) acting at 5 ft (1.50 m) above ground 
in accordance with AASHTO LRED 3.6.5.1. 


(n) Clearance 
The design shall maintain a minimum headroom clearance of 5.40 m. 


No collision load on Bridge soffit shall be considered by satisfying the minimum headroom 
clearance. 


(o) Scour and erosion control 


The maximum scour depth shall be calculated based on the stream flow during flood discharge 
as per the findings of the Hydrological Study. The effect of scour, where applicable, shall be 
considered in the design of foundations in accordance with AASHTO LRFD Section 10. 


(p) Stream flow forces 


All the piers and other portions of the structure which are subjected to forces of flowing water 
or drift shall be designed to resist the stream induced forces as per AASHTO LRFD 3.7.3. 


(q) Effect of buoyancy 


The effect of buoyancy shall be considered in the design of the substructure including piling 
where applicable as per AASHTO LRFD 3.7.2. A factor of safety (FOS) against flotation shall 
be a minimum of 1.1 for permanent and temporary conditions. 


7.6.7 Load Combinations 
The design shall satisfy the limit states — Service, Strength, Extreme & Fatigue. 


All loads under different limit states shall be designed for load factors and Load Combinations 
specified in AASHTO LRFD 3.4 as shown in the below tables: 
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Table 3.4.1-1—Load Combinations and Load Factors 


Use One of These at a Time 
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Table 3.4.1-2—Lead Factors for Permanent Loads, yp 


Type of Load, Foundation Type. and 
Method Used to Calculate Downdrag 


De Soe eal 
DC: Strength IV onl 1.50 0.90 
z | Piles 025 
L05 0.30 


1.25 0.35 


1.50 0.90 
1.35 0.90 
1.35 N/A 


Flexible Buried Structures 
o Metal Box Culverts, Structural Plate Culverts with Deep Cormugations, and 
Fiberglass Culverts 
o Thermoplastic Culverts 
o_All others 


Table 3.4.1-3—Load Factors for Permanent Loads Due to Superimposed Deformations, yp 


See yp for DC.[Table 3.4.1-2 


rstructur 
Sees 


All other prestressed concrete — 


7.6.8 Materials 


The design shall be based on the material properties that comply with the standards for the 
grade of construction material as specified in the AASHTO LRFD specification. 


When other grade or type of materials are used, their properties, including statistical 
variability, design life and durability design shall be established prior to design. 
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(a) Concrete 
The concrete structural design shall be consistent with the 75 years of Design Life. 


A. STRENGTH 


Minimum design strength for concrete elements shall be as stated below. 


Cylindrical Cube 
Components Strength, f’c Strength, fcu 
(MPa) (MPa) 
Piles, pile caps, columns, retaining walls, 
abutments, and all other substructure elements 35 44 


All deck slab, shear keys, transoms and all other 

superstructure elements of the Bridge except the 35 44 
pre-stressed concrete girders 

The precast beams of the bridge 50 63 


Blinding 15 19 


All material properties shall comply with AASHTO clause 5.4. Modulus of Elasticity of Concrete for 
design shall be as per AASHTO Clause 5.4.2.4. 


(b) Steel Reinforcement 
A. YIELD STRENGTH 
Grade 60 with a minimum yield strength of 500 MPa 
B. ELASTIC MODULUS 
Elastic modulus, Es = 200000 MPa (AASHTO LRED clause 5.4.3.2). 
€: REINFORCEMENT COVERS 


The minimum nominal concrete cover to steel reinforcement shall be as below: 


Component Cover 
Concrete exposed to salt water and splash zone 75 mm* 
Concrete of all substructure elements in contact with soil 75 mm* 
Concrete of all substructure elements exposed to weather 50 mm* 
Superstructure cast-in-place concrete exposed to weather 50 mm* 
Pre-stressed superstructure elements 50 mm* 


*The Contractor shall be responsible to carry out site-specific concrete durability 
studies to verify the values life, without unforeseen cost for maintenance or repair, 
whilst taking into account the environmental conditions 
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(c) Pre-stressing steel 
Relaxation effects of prestressing steel shall be in accordance with AASHTO LRFD 
5.9.5.4.2c. The following properties shall be used in the design: 
Ultimate Tensile strength, fpu 1860 MPa 
Nominal strand area 140 mm? 
Nominal Diameter 15.2 mm 
Minimum breaking load 260.7 kN 
(d) Elastic Modulus 
Elastic modulus, Ep = 197000 MPa (AASHTO LRFD clause 5.4.4.2) 
(e) Pre-tensioning Strands 
Strands are to be straight and shall be stressed from one end to a jacking load as per AASHTO 
LRED requirements. 
The minimum concrete cover for strands shall be 50 mm. Relaxation effects of prestressing steel 
shall be in accordance with AASHTO LREFD 5.9.5.4.2c. 
P) Post Tensioning Tendon 
Tendons shall be stressed to a tendon's ultimate tensile strength, f’s as per AASHTO LRFD 
Table 5.9.3-1. 
For internal post-tensioning, pre-stressing ducts shall be galvanized steel. Tendons shall be 
fully grouted after stressing. 
For calculation of losses for internal post-tensioning, the relevant parameter values used in the 
design shall be as per AASHTO LRFD Table 5.9.3. 
The minimum concrete cover for post-tensioning ducts shall be 75 mm. The Contractor shall 
carry out site-specific concrete durability study to verify the concrete cover to ducts. 
7.6.9 Designs 
The design shall be performed to the load combinations under the four limit states of Service, 
Strength, Extreme and Fatigue. 
(a) Service Limit State 
A. Reinforced Concrete (Crack Control) 
Crack control shall be achieved by means of controlling the reinforcement spacing. 
Such spacing, s, of reinforcement in the layer closest to the tension face shall satisfy 
AASHTO LRED. 
Exposure factor for buried structure shall be 0.50 for the crack width of 0.2 mm, and 
0.75 for the crack width of 0.3 mm. 
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Prestressed concrete 


The service limit state design of all prestressing elements of the bridge shall comply 
with AASHTO LRFD 5.9. 


Foundation 


Foundation design under the Service limit state shall include settlements, horizontal 
movements and overall stability check as per AASHTO LRFD 10.5.2.1 and 
geotechnical recommendations. 


Allowable stresses in prestressed concrete elements 


The allowable compressive and tensile stresses in the pre-stressed concrete 
superstructure shall be checked using load combinations “Service I” and “Service IIT’, 
respectively, as specified in AASHTO LRFD 5.9.2.3. The allowable tensile stress 
limits at the service limit state after losses shall be taken for the components that are 
subjected to severe corrosion conditions and shall be 1.7 MPa. 


(b) Strength Limit State 
All members shall have design strengths at all sections at least equal to the required strengths 
calculated for the factored loads and forces in the load combinations. 
The following clauses shall be followed for Strength limit state design: 
° Flexure AASHTO LRED clause 5.7.3 
° Shear AASHTO LRED clause 5.8.3 
° Torsion AASHTO LRED clause 5.8.2 
° Shear Friction AASHTO LRED clause 5.8.4 
A. Resistance factor, @ 
Resistance factor (strength reduction factor) as specified in AASHTO LRFD 5.5.4.2.1 
shall be used. 
B. Stability 
The structure stability as a whole and its components shall be designed to resist sliding, 
overturning, uplift and buckling as per AASHTO LRFD 5.5.4.3. Effects of the 
eccentricity of loads shall be considered in the analysis and design. 
C. Foundation 
Foundation design under the Strength limit state shall include structural resistance for 
checks on axial, lateral and flexural resistance in accordance with AASHTO LRFD 
10.5.3.1. 
(c) Extreme Limit State 
Extreme limit state shall be designed similarly to the Strength limit state with the appropriate 
load combination factors. The structure shall be designed to prevent collapse in accordance 
with AASHTO LRFD 5.5.5. 
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(d) Anchorage Zone 


A. Pre-Tensioning Anchorage Zone 
Anchorages shall be designed at the Service limit state as per AASHTO LRFD 5.9,5,6. 
B. Post Tensioning Anchorage Zone 
Anchorages shall be designed at the Strength limit state for the factored jacking 
force. 
Two zones to design: 
Local Zone — Rectangular prism immediately ahead of the anchorage device for 
confining reinforcements in accordance with AASHTO LRED 5.9,5,6,3. 
General Zone — Longitudinal length equal to the superstructure depth for equilibrium 
reinforcements in accordance with AASHTO LRFD 5.9,5,6,3. 
(e) Deformations 
A. Superstructure Deflections 
Superstructure total deflection shall be checked to load combination Service I and shall 
not exceed the following (AASHTO LRFD clause 2.5.2.6.2): 
° Vehicular load, general------------------------------------------ Span/ 800 
° Vehicular and pedestrian loads--------------------------------- Span/1000 
e Vehicular load on cantilever arms ----------------------------- Span/300 
° Vehicular and pedestrian loads on cantilever arms----------- Span/375 
B. Superstructure Pre-cambering 


Pre-cambering shall be considered for dead load, superimposed dead loads, time- 
dependent effects like creep and Shrinkage and pre-stressing deflections, in accordance 
with the construction method and sequence. 


(f) Bearings 


Elastomeric bearings shall be designed to AASHTO LRED Section 14 “Joints and Bearings”. 


Provisions for future bearing replacement shall be considered in the design of piers and 
diaphragms. 


Friction coefficient of 0.04 shall be considered and the same value shall be verified by the 
bearing supplier. 


Shear modulus of the elastomeric bearings shall be as per AASHTO LRFD 14.7.6.2 to calculate 
the design forces due to the deformation of the bearings. The following values of the shear 
modulus shall be used in the design, 


G=0.9 MPa for static loads (long term) 
G = 1.8 MPa for transient loads (short term) 
G = 1.2 MPa for seismic 
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(g) Expansion Joints 
Expansion Joints shall be designed to AASHTO LRFD Section 14 “Joints and Bearings”. 
The longitudinal movements to be accommodated by the expansion joints shall be calculated 
in accordance with the load combinations as set out in this document. 
(h) Parapets 
Standard concrete barriers shall be used as vehicular parapets. Parapets along the bridge shall 
meet the requirements of Test Level 4 according to AASHTO LRFD Section 13. 
(i) Walkways 
Walkways shall comprise: 
° Precast concrete kerb, locally modified to accommodate drainage where appropriate 
° Pedestrian pavement of interlocking paving brickwork with sand fill bedding 
7.7 ELECTRICAL DESIGN 
A. New Street Lighting System 
The Contractor shall develop a detailed design for a new street lighting system along both new 
bridges, as well as the bridges' approach roads. This shall include, but not be limited to, the 
following items: 
a) Street lighting poles and luminaires 
> The street lighting system shall be designed in compliance with international 
standards for road lighting to provide an adequate level for security and 
surveillance purposes as published by CIE 
> The street lighting scheme shall be designed to achieve a road lighting class 
(M1) to CIE 115 (LU Avg. = 2 cd/m?, Uo = 40 %, UI = 70 %, TI: 10, SR: 0.50), 
as adopted along the entire BRT corridor. 
> An overall luminaires’ maintenance factor of (0.7) shall be considered 
> The proposed lighting installations shall be based on the use of neutral white 
LED luminaires (4000 K) in order to reduce the street lighting power 
consumption and reduce the street lighting maintenance due to the long 
lifetime of LED luminaires 
> The street lighting poles shall be made of hot-dip galvanized steel 
> Generally, the lighting poles shall be installed in between the parapet structure. 
The Contractor shall coordinate the lighting poles’ locations and foundation 
details with the structural design of new bridges. 
> An opposite arrangement is recommended for lighting poles of height ranging 
from (8 m to 10 m) and spacing ranging from (25 m to 30 m), where each pole 
is equipped with an LED luminaire of wattage ranging from (110 W to 190 W). 
Final poles’ arrangement/height/spacing and luminaires’? wattage shall be 
verified by the Contractor during detailed design. 
> The selected poles’ locations shall fulfill and secure the minimum safety 
clearances from the existing overhead power lines (as requested by K-Electric 
Regulations) and shall not cause any interruption of surrounding traffic during 
regular maintenance periods. 
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b) Outdoor distribution boards (feeder pillars) 

> Power supply to the street lighting poles shall be provided via dedicated feeder 
pillars to be fed from the nearest BRT station. 

> The feeder pillars shall be totally enclosed, dead front type, fully self- 
contained, dust-proof, weather-proof and suitable for mounting outdoors 
exposed to dust, rain and sunlight with IP54 degree of protection and with high 
mechanical impact resistance of IK10. 

> The feeder pillars shall comply with the project’s LV power supply 
characteristics (400 V/230 V, 50 Hz, 3 phases, 5 wires). 

> The feeder pillars shall be used for combined external lighting electrical supply 


and power distribution to other miscellaneous electrical loads; and shall have 
single or multi-split bus arrangement with uncontrolled bus section to provide 
necessary power supply through single or multi poles MCBs for miscellaneous 
electrical loads, internal lighting, socket outlets and lighting control system. 


c) LV feeding cables 


> 


The LV main incoming feeders to outdoor distribution boards, along with the 
outgoing ones to the street lighting poles or other miscellaneous electrical 
loads, shall consist of 4 Cores, Copper conductor, PVC insulated, Double Steel 
Tape Armored, PVC sheathed (0.6/1 kV) main cable; In addition to 1 Core, 
Copper conductor, PVC insulated, Non-Sheathed, Un-Armored (0.45/0.75 kV) 
dedicated earth cable. 

The LV cables shall run in UPVC ducts embedded along both parapet sides. 
The Contractor shall coordinate the exact number of needed ducts and 
corresponding installation details with the structural design of the new bridges. 
The feeding cables’ sizes shall be selected to achieve a maximum permissible 
voltage drop from the transformer to the last load point not exceeding (5 %), 
taking into consideration all correspondent derating factors. 


d) Manholes or handholes 


> 


> 
> 
> 


Cast-in-place or precast concrete manholes or handholes can be provided 
where needed. 

The manholes’ and handholes’ dimensions and spacing shall guarantee for 
standard cables bending and easy pulling. 

All manholes’ and handholes’ covers shall be of heavy-duty and water-tight 
type. 

For manholes and handholes located in sidewalks, the correspondent covers 
shall match the sidewalk finish. 


e) Earthing system 


> 


VV V 


The Earthing System (T-T) shall comply with the British Standard Code of 
Practice - BS 7430, IET “Wiring Regulations” (BS 7671: “Requirements for 
Electrical Installations”). 

A maximum earthing resistance of (1 ohm) shall be considered. 

An earth source shall be provided at each outdoor distribution board. 

The earth source shall consist of multi-earth electrodes in approved pits which 
shall be interconnected by bare copper conductor cable directly buried in the 
ground. 
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7.8 


> A main earth bar shall be provided for each outdoor distribution board. Where 
two insulated main earthing conductors shall be provided one at each end of 
the earth bar, connected to the earth loop conductor via testing joints to the 
earth electrode at two separate earth pits. 

> The last column in the street lighting circuits shall be bonded via an earthing 
bolt to a single copper-covered steel rod. 


f) Codes and Standards 


All electrical installations shall be designed and specified in compliance with the 
recommendations of the following codes and standards: 


> Latest edition of the International Electro-technical Commission (IEC) and the 
Institute of Engineering and Technology (IET) — BS 7671, where not in 
contradiction with Local Regulations. 

> Commission Internationale de |’Eclairage (CIE). 

> The Illuminating Engineering Society (IES). 

> Code of Practice for Protective Earthing of Electrical Installations (BS7430). 


ITS Civil Infrastructure 


The Contractor shall prepare the detailed design for the civil works infrastructure (ducts, access 
hatches/handholes/manholes, etc.) intended to accommodate the ITS network of the Yellow 
BRT Line. 


The Employer intends to appoint third parties to design and implement the ITS network for the 
whole Yellow BRT Project; however, it is the Contractor’s responsibility to coordinate with the 
appointed ITS Consultant, collect his specific requirements and implement the same within the 
detailed design of the bridge and civil works infrastructure. 


The Proposal Design summarized below provides the minimum requirements for the ITS civil 
works infrastructure, subject to final coordination with the ITS Consultant: 


° Two ITS raceways shall be reserved along the two sides (under the sidewalk) of the 
two new bridges. The location of these raceways shall be coordinated with other 
existing and new utilities. 

° Each ITS raceway shall include a minimum of 2-way ITS ducts. 

° Access hatches/handholes/manholes shall be provided at a standardized distance and 
considering required connections to ITS field devices (controllers, cameras, etc.) if any. 
The exact location of field devices should be coordinated with the ITS Consultant. 

° Manholes/handholes shall be provided at both ends of the new bridges for connection 
with the buried ITS network outside the bridge limits. The location of these 
manholes/handholes (tie-in points) shall be coordinated with other utility corridors. 


UTILITIES 


1. All utility designs and associated works shall be carried out in close coordination with 
the relevant Service Authority including, but not limited to, the following: 


Sui Southern Gas Company Limited (SSGC) 

K-Electric 

Pakistan Telecommunication Corporation Limited (PTCL) 
National Telecommunication Corporation (NTC) 

Karachi Water & Sewerage Board (KW&SB) 


VVVVV 
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Private telecom operators 

Pak Arab Refinery (PARCO) 

Pakistan Refinery Limited (PRL) 

National Refinery Limited (NRL) 

Multinet Fiber Optical Lines 

Storm Water Drainage (Karachi Metropolitan Corporation) 


VVVVVV 


The Contractor shall visit the project vicinity and familiarize himself with the existing 
conditions of each utility system 

The Contractor shall make use of the information available with the Proposal 
Documents, with the notation that this data is only indicative and he should take all the 
necessary actions to determine the accurate locations and dimensions of all the utilities 
at the project location 

The Contractor shall conduct trial or exploratory pits or other measures including 
detection means to determine the direction, depth and dimensions of the utilities 
networks in coordination with the related/concerned authorities 

The Contractor shall prepare the detailed designs for the relocation and protection 
works of all existing services affected by the Project and shall secure necessary 
approvals from the concerned Authority. This shall include providing the necessary 
protection during the construction period (temporary protection) as well as providing 
the permanent protection that is dictated by the nature of the works 

The construction requirements such as alignment level and general workmanship shall 
comply with the applicable requirements of relative Authority, and all materials, if 
required for the relocation of services, shall comply with the specifications of the 
relevant Authority 

The relocated or diverted gravity lines (Sewage, Stormwater, etc.) shall be kept with 
the same material, diameter, levels and slopes to ensure that the flow capacity is kept 
the same and is not reduced, thus ensuring the smooth operation of the system and the 
lines are connected to their original outfalls without any problems with respect to levels 
The relocation or diversion of other utilities (Pressure Lines, Fibre Optics, Telephone 
and Electrical Utilities, etc.) shall be done in a manner that they will be smoothly 
operated and maintained 

The Contractor shall ensure that the relocation works are done while supplying the 
residents with their needs without any interruption during and after the construction of 
the Project 


7.9 TEMPORARY TRAFFIC MANAGEMENT PLAN 
The Contractor shall develop a program for maintenance of traffic during construction, 
including appropriate techniques that can be employed to manage the activities in such a way 
as to minimize traffic disturbances and maintain adequate safety levels during the development 
of the Project. 
The Contractor shall prepare a Temporary Traffic Management Plan (TTMP) which shall 
consist of the following: 
1. Safe accommodation and protection of traffic through or around construction work 
zones 
2. The establishment, construction, maintenance, and obliteration of detours 
3. The furnishing, erection, moving, replacing, cleaning, and removing of all traffic 
control devices, in conformity with the Project Specifications 
The TTMP shall achieve the following: 
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1, Reduce the impact on road users, by maintaining adequate and safe traffic movements 
(for both vehicles and pedestrians) 

2: Maintain access to businesses and other premises near the Project site 

3: Mitigate the volume of construction vehicles on the road network 


In addition, the TTMP shall: 


Be effective in all day and night times 

Ensure minimum disruption to pedestrian movements 

Maintain proper access to the properties in the vicinity of the site 

Provide safe routes for emergency vehicles whenever possible, and ease its passage 
within the work area and its access to nearby residents and commercial centers in case 
of emergencies 

Maintain safety of individuals where Traffic detours/diversions are to be implemented 
Manage construction vehicle activities in the vicinity of the site 

Minimize driver confusion 

Comply with the traffic and road design requirements, as defined in Section 6 of this 
document, when designing the traffic diversions 

Remove all temporary traffic control devices after completion of the construction 
activities 


BUILDING INFORMATION MODELLING (BIM) 


D E 


O ON 


Sa 


Building Information Modelling (BIM) is a process of information generation, sharing and 
management to improve the design, construction and operations of a project and its component 
parts. The Employer, therefore, requires the implementation of BIM in all stages of project 
delivery in order to assist in achieving digital and technological objectives. 


The Contractor shall develop a 3D coordinated design, construction and as-built BIM Models, 
to be the foundation of project BIM deliverables, and utilized for better communication, 
visualization, and coordination throughout the Project lifecycle. 


The Contractor shall develop the appointed scope as a 3D Coordinated BIM model complying 
with BIM level 2 and following the National BIM Standard United States (NBIMS-US). The 
Contractor BIM outputs shall be developed using Autodesk Revit and Civil 3D as the primary 
design authoring software; drawings shall be extracted from the 3D BIM model where possible 
and as appropriate, otherwise to be stamped “Not from BIM”. 


All construction information shall be modelled as a single discipline model and compiled into 
a federated BIM Model allowing for 2D models to be extracted as required, and coordinated in 
3D in the integrated Navisworks models, for clash detection. Clash detection and resolution 
process shall be run in this composite area. All 3D model data together with all 2D drawing 
extractions shall be spatially coordinated with the Geospatial System. 


All single-discipline models shall be shared throughout the CDE/EDMS (Common Data 
Environment / Electronic Document Management System). 


The Contractor’s project organization shall include roles such as BIM Manager and BIM 
Coordinator(s). 


The Contractor shall submit a BIM Execution Plan (BEP) which shall include a description of 
the 3D model contents throughout the design, construction and “As-Built” stages. The BEP 
shall include the roles, responsibilities, applications, methods, software and systems for the use 
of BIM together with provision for the handover of a consolidated 3D model of the project in 


EMPLOYER’ S REQUIREMENTS Part (A) - Page 36 of 37 
P21161/4309-04-TD-SPC-PM-01 REV 0 


RFP — Karachi Mobility Project (Yellow BRT) — PK-SMTA-334960-CW-RFP 
Procurement of Package - 4: NEW JAM SADIQ BRIDGE (Yellow Corridor Segment 3) 
Volume (2): Part (A) Employer’s Requirements 


a format capable of being seamlessly imported into Autodesk’s Navisworks for each of the 
project development and as-constructed stages. 


The Contractor shall provide a detailed matrix for the adopted Level of Development (LOD) 
that describes the LOD for the model elements for each stage of the design, construction and 
as-built stages. The Contractor shall develop the Design BIM Models with LOD300 in 
accordance with the BIM Forum level of development (LOD) specifications version 2019 or 
latest, and Construction LOD400 
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SECTION 010000 - GENERAL REQUIREMENTS 


PART 1 - GENERAL 


1.1 


1.2 


1.3 


SUMMARY 


Related Sections: 


Referenced Sections: List of sections in “Related Sections” or “Related Requirements” 
is not intended to be exhaustive or mutually exclusive, it is meant for reference and 
guidance only by way of assistance. 

Missing References: In case a section or part thereof is considered missing, this shall 
be brought to the attention of the Engineer. 

The several documents forming the Contract are to be taken as mutually explanatory 
of one another; however, in case of ambiguities or discrepancies, the same shall be 
explained and adjusted by the Engineer who shall thereupon issue to the Contractor 
instructions thereon and in such event, unless otherwise provided in the contract. 
Liability for Missing References: A full understanding and appreciation of the full 
provisions included in all the specification sections and the interaction between these 
sections is required. References to related sections are provided for assistance only and 
no liability for any coordination issues related references which are deemed missing 
from “Related Sections” or “Related Requirements” parts of the Specification sections 
shall rest with the Employer. 


DEFINITIONS 


Specification sections use the terms "Engineer" in lieu of “Architect”, and "Employer" in lieu 
of “Owner”. In case the terms “Architect” and “owner” still exist in some sections, they are 
deemed to mean "Engineer" and "Employer” respectively. 


QUALITY ASSURANCE 


1. 


Industry Standards: When both U.S. and European, Industry Standards are applicable 
to this project and the standards are in conflict with each other, the most stringent of 
the industry standards shall govern. 

Proprietary Names: Manufacturer's proprietary names indicated for colors, textures and 
patterns of materials are for the purpose of indicating the design aspect such as color, 
texture and pattern selection only. Other manufacturers’ materials are acceptable and 
provided they closely approximate colors, textures and patterns indicated and provided 
they conform to all other requirements subject to the Engineer's approval. 

Source Limitations: Obtain all system components and accessories from a single source 
from a single manufacturer. If some components are not produced by the system 
manufacturer, obtaining these components from other sources may be approved subject 
to arecommendation in writing by the system manufacturer provided it does not negate 
the warranty. Submit for Engineer’s approval. 
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PART 2 - PRODUCTS (Not Used) 


PART 3 - EXECUTION (Not Used) 


END OF SECTION 010000 
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SECTION 011000 - SUMMARY 
PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Specification Sections, apply to this Section. 


1.2 SUMMARY 
A. Section includes: 


Project information. 

Work covered by Contract Documents. 
Work Sequence. 

Work by Employer. 

Work under separate contracts. 

Future work. 

Employer-furnished products. 

Access to the site. 

, Coordination with occupants. 

0. Work restrictions. 

1. Specification and drawing conventions. 


TE NO 00 SON ON O92 Wo 


B. Related Section: 


1. Section 015000 in Division 01 "Temporary Facilities and Controls" 


1.3 PROJECT INFORMATION 
A. Project Identification: 


The Yellow BRT Corridor, which is part of the overall planned Karachi Mass Transit System 
(KMTS), is approximately 21 km long, starting from Dawood Chowrangi and ending at 
Numaish. The construction of the “Yellow BRT” project is divided into six different 
packages: 


- Package 1: Construction of Depot 1 

- Package 2: Construction of Depot 2. 

= Package 3: Construction of Road Corridor & BRT infrastructure (segments 0, 1 and 2) 

- Package 4: Design and Build of 1 km long Jam Sadiq bridge (segment 3) 

- Package 5: Construction of Road Corridor & BRT infrastructure (segments 4, 5, 6 & 
7) 

= Package 6: Improvements works for Off-Corridor 

> Package 7: Construction of Boundary Wall of Depot-2 

- Package 8: Demolish and Re-Construction of Existing Jam Sadiq Bridge 
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The Scope of Works under this Proposal/Contract is limited to Package (4). 


The Works related to Package 4 of the Yellow BRT Project, subject to this proposal, comprise 
a. 


the design and construction works pertaining to Segment 3 of the Yellow BRT Project, as 
summarized below (also refer to below figures): 


Design and construction of a new bridge north of the existing Jam Sadiq Bridge 


Package 4 


NEW JAM SADIQ BRIDGE 


8000 Road Chowrane! 
EXISTING JAM SADIQ BRIDGE 
TO BE DEMOLISHED AND 


Roundabout 


RE-CONSTRUCTED 
(Package 8) 


z 
% 
2 
B. Employer: Refer to the Conditions of Contract. 
Engineer: Refer to the Conditions of Contract. 

C. Project Web Site: A Project Web site developed and administered by the Contractor shall 
be used for purposes of managing communication and documents during the construction 
stage. 

SUMMARY 
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1.4 WORK COVERED BY CONTRACT DOCUMENTS 


The Contractor’s Scope of Works shall include the design, execution, completion and 
remedying defects all as shown in the Drawings, Specifications, and other Contract 
Documents and/or implied or inferred by these documents to provide fully functional and fit 
for purpose Bridge of Package 4, Yellow Line BRT under the Project. 


The Contractor shall allow for all necessary designers, superintendence, labor, material, 
equipment, plant, supplies and all other requirements and shall perform all operations, 
whether of a temporary or permanent nature, necessary for the design, construction and 
maintenance of the Project as indicated or reasonably inferred from the drawings and/or 
Specifications and other Contract Documents; including all preparatory and enabling tasks, 
temporary works, ancillary and associated works and installations necessarily required to 
satisfactorily construct, execute, complete and deliver the construction assemblies, systems 
and facilities as required in the Contract documents, fully functional and fit for purpose. 


At no time during the Contract, the Contractor shall consider or imply that any work, other 
than that explicitly stated in the Contract, but required for the execution of the Works is to be 
carried out by the Employer or to be paid for extra by the Employer. 


The Contractor shall adhere to the Health, Safety and Environmental (HSE) requirements 
defined in the Contract documents and to all relevant authorities’ requirements; the Contractor 
shall take all necessary protection measures and precautions to prevent pollution of the Site, 
its works, the adjacent facilities, the river and the general environment. 


The Contractor shall adhere to the applicable design standards, current codes, regulations and 
specifications as well as to the recommendations for erection and commissioning of the sub- 
suppliers. The design of the Project shall also take into consideration all relevant local rules 
and regulations, including national accident prevention codes as well as health and safety 
requirements. 


The Project will be constructed under a single prime Lump Sum type Contract (Single 
Responsibility): 


A. General: 


1. The Contractor shall be responsible for carrying out his own topographic survey and 
producing survey mapping to cover the entire Project area for design and construction 
purposes. 

2. The Contractor shall be responsible for preparing and providing all necessary design 


studies including but not limited to hydrological and hydraulic study, geotechnical 
study, structural study, temporary traffic management study, etc. 


3. The Contractor shall carry out detailed geotechnical investigations to examine the 
geological, hydrogeological and geotechnical conditions and determine the 
geotechnical design parameters, as required. 


The Contractor shall use the results of these detailed investigations in the design of the 
bridge foundations in addition to the earthworks, and ground improvements, as 
applicable, satisfying the related AASHTO standards and guidelines and Contract 
specifications and requirements. 
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The Contractor should also identify the locations of all problematic surface and sub- 
surface materials that could affect the design and construction of the bridge, along with 
ground improvement methods where required. 


The scope of the investigations includes but is not limited to the boreholes, test pits, 
field testing, and laboratory testing following the requirements of the related AASHTO 
standards and guidelines and Contract specifications and requirements. 


Clearing and Grubbing: 


This work shall consist of removal to the specified depth, grubbing and disposal of all 
surface objects, as and where directed in writing by the Engineer, stumps, roots, bushes 
and trees, vegetation, logs, rubbish and other objectionable material except such objects 
as are designated to remain or are to be removed in accordance with the Specification. 


Cleaning and Grubbing of the riverbed and existing embankment (upstream and 
downstream of the proposed bridge) shall also be part of the Contractor’s work if 
required as a result of the Hydrology and Hydraulic Model Study. 


Structural Excavation: 


Structural excavation shall include the removal of all material of whatever nature, 
necessary for the construction of foundations of bridge, retaining walls, headwalls, 
wing walls, catch basins, manholes, inlets and other structures not otherwise provided 
for in these specifications and in accordance with the plans or as directed by the 
Engineer. It shall include the furnishing of all necessary equipment and construction of 
all cribs, cofferdams, caissons, dewatering, sheeting, shoring etc., which may be 
necessary for the execution of the work. It shall also include the subsequent removal of 
cofferdams and cribs and the placement of all necessary backfill as hereinafter 
specified. It shall also include the disposal of excavated material, which is not required 
for backfill, in a manner and in locations so as not to affect the carrying capacity of any 
channel and not to be unsightly. 


Embankments: 


This work shall consist of the formation of the embankment, including preparation of 
the area for placing and compaction of embankment material in layers and in holes, pits 
and other depressions within the roadway area in accordance with the specifications 
and in conformity with the lines, grades, thickness and typical cross-section shown on 
the plans or established by the Engineer. 


Riprap and reinforced concrete slope protection: 


This work consists of furnishing and placing a protective covering of erosion resistant 
material as riprap or reinforced concrete slope protection on the locations shown on the 
plans for slopes or pier foundation protection. The work shall be done in accordance 
with the Specifications and conformity with the lines, grades, thickness and typical 
cross-sections shown on the plans. 


The areas to receive riprap or slope protection of any kind shall be dressed smooth to 
the slopes or shapes called for on the plans and shall be free from stumps, organic 
matter, or waste material. A filter blanket should be provided where it is anticipated 
that there may be migration of fines through the riprap. Toe trench and / or filter blanket 
is to be constructed, as directed by the Engineer. 
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Stone placing / dumping around pile cap, retaining wall, etc. shall also be part of the 
Contractor’s work considering the sub-soil condition and maximum discharge in the 
river to protect the structures of the bridge. 


All materials, regardless of type or kind, shall be placed as per lines and levels called 
for on the Drawings. 


Granular Subbase: 
This item shall consist of furnishing, spreading in one or more layers and compacting 


granular subbase according to the specifications and drawings and / or as directed by 
the Engineer. 


B. Environmental Works 


1. 


The Contractor shall implement, during both design and construction stages, an 
Environmental Mitigation Plan (EMP) and Environmental Management and 
Monitoring Plan (EMMP) in accordance with the final Yellow BRT Project 
Environmental and Social Impact Assessment as approved by Sindh Environmental 
Protection Agency (SEPA) and World Bank (WB). 

The Contractor shall be responsible for the Implementation his site-specific 
Environmental Mitigation and Monitoring Plan. He shall also be responsible for the 
preparation and implementation of a site-specific Environment, Health, Safety and 
Security (EHSS) Plan as per WB and SEPA guidelines; this Plan shall be submitted in 
Three (3) Hard Copies and Three (3) Soft Copies to the Engineer for approval prior to 
the establishment of construction camp and the start of construction activities. 

The Contractor shall submit a Report on the implementation of the recommended 
mitigation measures, in Three (3) Hard Copies and One (1) Soft Copy. 


C. Geotechnical Works 


1. 


The subsurface data included in the Proposal Documents is provided for information 
only. The Contractor shall perform design-level geotechnical investigations for the new 
bridge to validate and augment the available information. The geotechnical 
investigations performed by the Contractor shall meet or exceed the requirements of 
the Project Specifications and the latest edition of AASHTO LRFD Bridge Design 
Specifications. 

The Contractor shall collect appropriate data for geotechnical evaluation of 
embankments, soil cuts, bridge structures, and other earth-supported structures or 
highway design elements and construction. 

The Contractor shall be responsible for obtaining the permit(s) required for any borings 
or test pits. The Contractor shall undertake laboratory tests following pertinent ASTM 
or AASHTO standards, analyze the data and deduce design and construction 
recommendations. Approved laboratories and site investigation subcontractors shall 
perform soils, aggregate, concrete, and other materials tests. 

The Contractor shall provide all records of subsurface explorations and describe the 
soils encountered and their depth limits following the Project specifications and the 
requirements outlined in AASHTO LRFD Bridge Design Specifications. The Contractor 
shall provide electronic copies of all subsurface explorations per the Project 
Specifications. 

According to the Contract schedule, the Contractor shall submit to the Engineer for 
review all geotechnical design reports and calculations that summarize the pertinent 
subsurface investigations, tests, and geotechnical engineering evaluations and 
recommendations utilized to support their design/construction documents. 
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6. The results of the geotechnical investigation and laboratory results shall support design 
and construction efforts to meet the requirements outlined in this Contract. The 
Contractor shall reference the drawings that incorporate the relevant results. The 
Contractor’s Quality Assurance and Quality Control Plan shall document how each 
specific geotechnical recommendation or requirement will be addressed in the final 
design/construction documentation. 

7. All geotechnical works shall be completed to satisfy performance requirements. 


D. Hydrology and Hydraulics 


1. The objective of this work is to validate the mathematical hydraulic model study 
conducted for Package 4-Yellow Line BRT at Malir River upstream adjacent to the 
existing Jam Sadiq Bridge. 

2. The Contractor shall prepare a Hydrology and Hydraulics Study for the new bridges 
over the Malir River. 

3: The Contractor shall build a physical model, at a scale of 1/40 or 1/50, prepared by a 
reputed and competent hydraulic research institute / department in Pakistan (such as 
Indus Research Centre at Hyderabad or Hydraulic Research Institute at Nandipur), 
using the riverine survey data, flood hydrology report, historic data of Karachi/Malir 
River, existing outfalls of stormwater drains disposal, high tide conditions of the sea, 
maximum discharge, catchment areas, rainfall pattern of Karachi, old studies/reports 
conducted for the Malir River for 100 years return period, etc. 

4. The physical model shall be operated after calibration for variable water flow 
discharges, including the maximum and historical discharges, to study the behavior of 
the river and to recommend the most appropriate location, length, skew angle of the 
bridge, type and sizes and geometry of river training works such as guide banks, flood 
bunds, cunette, spurs, etc. and also the afflux at different water flow condition including 
maximum discharge for which the bridge and river training works shall be designed. 


5; Up to date topographical surveys (riverine survey) and geotechnical/sub-soil 
investigations shall be used for the physical, hydrological and hydraulic model studies. 
6. The Contractor shall design and implement River Training works (including without 


limitation clearing & grubbing, excavation, cut, fill, levelling, dressing, jungle cutting, 
grouted riprap, granular filter layer, granular subbase layer) and embankment with its 
protection (stone pitching and geo membrane) following the recommendations of the 
Hydraulic/Physical model study for maximum possible discharge for a 100-year return 
period. 

7. The Contractor shall design and implement protection works for pile caps and retaining 
walls against soil and surrounding water, abutment stem against backfilling and 
surrounding water for maximum possible discharge for a 100-year return period. 

8. The Contractor shall be responsible for constructing alternative earthen channel(s) to 
divert the existing channels of Malir River as required for construction works, ensuring 
an efficient flow of water in the dry season. 

9. The Contractor shall undertake protection works required for the rainy season, 
especially the monsoon season, prior to the rainfall event as per the metrological 
department’s forecasts. 


E. Road, Pavement and Drainage Works 


1. The Contractor shall design and construct a new road bridge over Malir River, parallel 
to the existing bridge, with a total length of around 1 km, and comprising three (3) lanes 
for main mixed traffic, one (1) dedicated BRT lane, a sidewalk from one side and 
shared sidewalk/bicycle lane on the other side. 
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2. The Contractor shall design and construct the approach roads/ramps to the new bridge, 
extending, as a minimum, until the road profile meets the existing ground level, as 
indicatively shown on the Proposal Drawings. At this limit, the Contractor shall match 
and tie his work with the works of Yellow BRT Packages 3 and 5. 

3. The Contractor shall design and construct the tie-ins / tapers for connecting ramps with 
the future Malir Expressway. For this, the Contractor shall coordinate with the Design- 
Build Contractor of the Malir Expressway Project for the exact locations, extent and 
details of the required tie-ins / tapers. 

4. The Contractor shall coordinate his work schedule with the contractors of Yellow BRT 
Packages 3, 5 and 8, as well as the Malir Expressway project, such that proper and 
timely tie-in between all packages/projects is achieved. In case the construction works 
at the tie-in points by either Package 3, Package 5 or Malir Expressway Project 
contractors are not ready by the time the Package 4 Contractor is finishing his works, 
the Contractor shall design and implement temporary tie-ins with the existing roads 
beyond his limit of work. 


Package 4 


986m 


NEW JAM SADIQ BRIDGE 


EXISTING JAM SADIQ BRIDGE 
TO BE DEMOLISHED AND 
RE-CONSTRUCTED 


5. The scope of the Contractor’s works shall include, without limitation, all necessary 
earthworks (cut/fill), pavement layers, drainage system, road marking and signs, safety 
and visual barriers, all in accordance with the Contract. 


6. The Contractor shall evaluate, based on the results of the site investigations, if an 
additional improved subgrade layer is required, and submit the same for Engineer’s 
approval. 

7. Adequate control of surface and groundwater shall be an essential consideration for the 


overall performance of the pavement layers. The area surrounding the pavements shall 
be graded to direct surface water away from paved areas. Any utility excavations or 
excavations for storm drains within pavement areas must be backfilled with compacted 
structural fill following the applicable Project Specification Sections. 


F. Structural Works for the New Bridges 


1. Preparing the complete detailed structural design of the new bridge and issuing the 
drawings for Engineer’s approval as per Contract requirements. 
2. Site construction of the new bridge and remedying of defects. 
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Concrete works include but not limited to mixing, forming, pouring, shoring, curing, 
testing, waterproofing (where applicable), and all the necessary works to produce all 
reinforced and pre-stressed concrete structural elements of the bridge. 

Supply and installation of expansion joints, water stops, bearings, waterproofing and 
all such accessories to concrete elements. 

Coordination of concrete elements with the exact location of all pipe openings, sleeves, 
pre-set inserts needed to fix the pipes and cladding (if any) in structural slabs, beams 
and columns as well as all electrical conduits inserts, plates and boxes embedded in 
concrete. 

Prepare and submit shop drawings indicating the location of proposed construction 
joints in the reinforced concrete structures for the Engineer's approval. 

Verify the exact locations and dimensions of pits, openings, trenches, recessing and 
thickening and submit for the Engineer’s approval. 


The Contractor is responsible for preparing the workshop drawings for all the 
reinforced and pre-stressed concrete elements, and for coordinating with all relevant 
parties including the suppliers. 


G. Electrical Works 


Providing all necessary protective measures, upon need, for the existing Electrical 
works of Jam Sadiq Bridge prior to any Construction Works of the first new bridge to 
ensure safety operation, as lately directed by the Client. 

Dismantling, demolishing, relocation works of existing street lighting poles, in 
coordination with KMC, and stacking to designated places as directed by the Engineer; 
Complete including dismantling and demolishing of concrete foundations, luminaires, 
manholes/handholes, LV feeding cables from outdoor distribution board (feeder 
pillars) or previous poles, cables' trenches, cables’ ducts, earthing network; and 
coordination with existing services according to the specifications and subject to the 
Engineer's approval. 

Dismantling, demolishing, relocation works of existing communication and street 
lighting outdoor distribution boards (feeder pillars), if exist, in coordination with KMC 
and stacking to designated places as directed by the Engineer; Complete including 
dismantling and demolishing of concrete foundations, manholes/handholes, LV 
feeding cables from LV power supply sources, LV feeding cables to traffic signals (if 
exist), cables' trenches, cables’ ducts, earthing network; and coordination with existing 
services according to the specifications and subject to the Engineer's approval. 

Design and construction of new street lighting system for the two new bridges as well 
as the bridges’ approach roads. This shall include, without limitation, street lighting 
poles and luminaires, outdoor distribution boards (feeder pillars), LV feeding cables, 
manholes or handholes and earthing system. 

Design and construction works of new ITS infrastructure civil works for the two new 
bridges as well as the bridges’ approach roads. This shall include, without limitation, 
all manholes/handholes, trenches, raceways, and cables’ ducts. The Contractor shall 
coordinate his design and construction works with the ITS Consultant and Supplier 
appointed by the Employer, all in accordance with the Contract and subject to the 
Engineer’s approval. 
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H. Relocation and Protection of Utilities 


1. The work shall consist of designing and carrying out removal, relocation and/or 
protection of various types of services located within the Project limits. The Contractor 
shall investigate at his own cost in consultation with all utility agencies the actual 
location of all underground utilities, which are required to be relocated or protected 
after confirmation of the same, as directed by the Engineer. 

2: The Contractor shall make himself thoroughly familiar with the site conditions, foresee 
any and all problems likely to be encountered during the execution of the works, and 
shall be able and ready to solve them effectively. Proposals for solutions to the 
problems shall be submitted to the Engineer for approval before proceeding with the 
work. 

3. Prior to construction, verify the location and invert elevation at points of connection to 
the sanitary sewer, storm drainage and water service piping. Verify the location of 
electrical power and communication utilities for the interface. 


4. All utility designs and associated works shall be carried out in close coordination with 
the relevant Service Authority, and subject to their approval. 
5: The Contractor shall notify the concerned Service Authority and the Engineer in 


writing the sequence of construction, time and duration along with the detailed 
methodology for the execution of the works to be carried out for approval. 

6. Some authorities have their own list of specialized contractors to carry out their related 
line works; this shall be mutually agreed upon between the Employer and the concerned 
Authority prior to the initiation of any relocation activity. The Contractor shall 
accommodate and facilitate such cases, and shall actively coordinate with the 
nominated specialized contractors as needed for the proper completion of the works. 


I. Temporary Traffic Management Plan 


1. The Contractor shall be responsible for the design and implementation of a Temporary 
Traffic Management Plan (TTMP) in accordance with the Contract requirements, laws 
and relevant authorities’ requirements. The TTMP shall cover: 


a. Safe accommodation and protection of traffic through or around construction 
work zones. 
Establishment, construction, maintenance, and obliteration of detours. 

c. Furnishing, erection, moving, replacing, cleaning, and removing of all 


temporary traffic control devices, including without limitation signs, barricades, 
warning reflective tapes, diversion cones, lights, signals and detours markings, 
all in conformity with the Project Specifications. 


d. Minimizing the disturbance to road users (both vehicles and pedestrians). 
e. Maintaining access to businesses and other premises near the Project site. 
2. During Construction stage, such a plan shall be submitted for approval before the 


initiation of the site activities. 

3: The TTMP shall be implemented throughout the Contract duration and shall ensure 
minimum disruption to the traffic in the vicinity of the site. 

4. The TTMP shall be fully coordinated with the Contractor’s Program of Works; the 
Contractor shall be responsible to amend such plan whenever required and after any 
amendment to the program of works. 

5. The Contractor shall be responsible for upgrading any traffic diversion if the actual 
traffic load exceeds its capacity. 
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1.5 


1.6 


6. The Contractor shall be responsible for coordinating and obtaining necessary 
permissions and approvals from Traffic Police and other concerned Authorities. He 
shall also coordinate his TTMP with the Contractors of other Yellow BRT packages as 
well as the contractor of the Malir Expressway Project. 

7. The Contractor shall be responsible for coordinating his TTMP with the Engineer; 
obtaining his approval is a pre-requisite for initiating works on site. 


8. The Contractor shall appoint qualified and trained safety personnel to be permanently 
present on site. 
9. To provide acceptable levels of operations, the Contractor shall perform routine day 


and night inspections of the TTMP elements. 

10. The Contractor shall regularly clean the roads surrounding the work area, and shall 
spray with water all areas that may generate dust as a result of construction vehicle 
movements. 

11. All TTMP devices shall be removed as soon as practical when they are no longer 
needed. When work is suspended for short periods of time, TTMP devices that are no 
longer appropriate shall be removed or covered. 

12. The Contractor of Package 4 is responsible to prepare TTMP plans for the diversion of 
the existing traffic running over the existing Jam Sadiq Bridge to the newely 
constructed bridge under this contract, in order to facilitate the start of the demolish 
and reconstruction works of the existing Jam Sadiq Bridge under Package 8. 


Building Information Modelling 


1. The Contractor shall develop a 3D coordinated design, construction and as-built BIM 
Models, to be the foundation of project BIM deliverables, and utilized for better 
communication, visualization, and coordination throughout the Project lifecycle. 

2. The Contractor shall develop the appointed scope as a 3D Coordinated BIM model 
complying with BIM level 2 and following the National BIM Standard United States 
(NBIMS-US). 

3. All single discipline models shall be shared throughout the CDE/EDMS (Common 
Data Environment / Electronic Document Management System). 

4. The Contractor’s project organization shall include roles such as BIM Manager and 
BIM Coordinator(s). 

5. The Contractor shall submit a BIM Execution Plan (BEP) which shall include a 
description of the 3D model contents throughout the design, construction and “As- 
Built” stages. 

6. The Contractor shall develop the Design BIM Models with LOD300 in accordance to 
the BIM Forum level of development (LOD) specifications version 2019 or latest, and 
Construction LOD400. 


WORK SEQUENCE 

The Work shall be executed and completed in Sections, if so specified. 

1. Sections: Refer to Conditions of Particular Applications Part II, for completion of the 
Works in Sections, if required. 

WORK BY EMPLOYER 

General: Cooperate fully with Employer so work may be carried out smoothly, without 


interfering with or delaying work under this Contract or work by Employer. Coordinate the 
Work of this Contract with work performed by the Employer. 
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1.7 WORK UNDER SEPARATE CONTRACTS 


A. The Contractor shall cooperate and liaise with any other contractors or operators working on 
or adjacent to the site so that work on those contracts may be carried out smoothly, without 
interfering with or delaying work under this Contract or other contracts. The Contractor shall 
ensure integration of their programmes with his own and allow full access as reasonably 
required by other contractors in order to carry out their works. The Contract price is deemed 
to include the cost of carrying out these activities. 


1.8 FUTURE WORK 


A. Other Contracts: Cooperate fully and coordinate with separate contracts and programme the 
Works so that work on those contracts may be carried out efficiently and effectively, without 
interfering with or delaying work under this Contract. 


B. Future Contracts: Employer reserves the right to perform additional work and/or award further 
separate contracts for performance of additional work at the Project site; whether concurrently 
with, or after substantial completion of, Work under this Contract. Performance and 
completion of such additional work may depend on the successful completion of preparatory 
work under this Contract. 


C. Cooperate fully and coordinate with any future construction forces and/or separate contractors 
as necessary, and programme the works so far as reasonably possible so that work on those 
contracts may be carried out efficiently and effectively, without interfering with or delaying 
work under this Contract. 


1.9 EMPLOYER-FURNISHED PRODUCTS 


A. Employer furnished products. If any products are furnished by the Employer, the Contractor’s 
Work includes receiving, unloading, handling, storing, protecting, and installing Employer- 
furnished products. 


1.10 ACCESS TO SITE 


A. General: The Contractor shall use the Project site for the execution of the Works and for 
access thereto. The Contractor's use of the Project site is limited only by the Employer's right 
to perform work or to retain other contractors on portions of the Project. The project site shall 
be shared with other contractors if employed directly by the Employer as required. Access to 
the project Site will need to be shared / coordinated with other contractors executing adjacent 
or related works. 


B. Use of Site: Limit work and activities to the area of the project site as defined on Drawings 
or any other Contract Documents in areas indicated. Do not disturb areas outside the project 
site or in which the work is indicated. 


1. Limits: Confine construction operations to the area of the project site. 
Employer Occupancy: Allow for Employer occupancy of the project site 
3. Driveways and Entrances: Keep driveways and entrances serving premises clear and 


available to the Employer, the Engineer and their employees, other contractors engaged 
in work on the project site and emergency vehicles at all times. Do not use these areas 
for parking or storage of materials. 
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C. Condition of Existing Works / Structure: Maintain portions of existing Works / Structures 
affected by construction operations in a weather-tight condition throughout the construction 
period. Repair damage caused by construction operations. 


1.11 COORDINATION WITH OCCUPANTS 


A. Partial Employer Occupancy: The Employer reserves the right to occupy completed parts of 
the Works prior to Taking Over the whole of the Works, provided that such occupancy does 
not substantially interfere with completion of the remaining parts of the Works. This shall not 
be considered as sectional completion and accordingly, no separate sectional Taking Over 
Certificate shall be provided. Cooperate with Employer during construction operations to 
minimize conflicts and facilitate Employer usage. Perform the Work so as not to interfere 
with the Employer's operations. Maintain existing exits unless otherwise indicated 


1. Maintain access to existing walkways, and other adjacent occupied or used facilities. 
Do not close or obstruct walkways, or other occupied or used facilities without written 
permission from the Employer and authorities having jurisdiction. 
2. Provide not less than 72 hours' notice to Employer of activities that will affect 
Employer's operations. 
1.12 WORK RESTRICTIONS 


A. Work Restrictions, General: Comply with restrictions on construction operations. 


1. Comply with limitations on the use of public streets and other requirements of 
authorities having jurisdiction. 


B. Existing Utility Interruptions: Do not interrupt utilities serving facilities occupied by 
Employer or others unless permitted under conditions and then only after providing temporary 


utility services according to requirements indicated. 


C: Noise, Vibration, and Odors: Coordinate operations that may result in high levels of noise 
and vibration, odors, or other disruption to Employer occupancy with Employer. 


D. Nonsmoking Policy: Smoking is not permitted within the Site. 


E. Controlled Substances: Use of tobacco products and other controlled substances on the Project 
site is not permitted. 


F. Employee Identification: Provide identification tags for Contractor personnel working on the 
Project site. Require personnel to utilize identification tags at all times. 


G. Employee Screening: Comply with Employer's requirements regarding drug and background 
screening of Contractor personnel working on the Project site. 


1. Maintain a list of approved screened personnel with the Engineer. 


H.  Covid19 — Comply with all regulations and guidelines put forth by all applicable authorities 
having jurisdiction 
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1.13 SPECIFICATION AND DRAWING CONVENTIONS 


A. Specification Content: The Specifications use certain conventions for the style of language 
and the intended meaning of certain terms, words, and phrases when used in particular 
situations. These conventions are as follows: 


1. Imperative mood and streamlined language are generally used in the Specifications. 
The words "shall," "shall be," or "shall comply with," depending on the context, are 
implied where a colon (:) is used within a sentence or phrase. 

2. Specification requirements are to be performed by the Contractor unless specifically 
stated otherwise. 


B. Division 01 General Requirements: Requirements of Sections in Division 01 apply to the 
Work of all Sections in the Specifications. 


C. Drawing Coordination: Requirements for materials and products identified on the Drawings 
are described in detail in the Specifications. One or more of the following are used on the 
Drawings to identify materials and products: 


1. Terminology: Materials and products are identified by the typical generic terms used 
in the individual Specifications Sections. 

2, Abbreviations: Materials and products are identified by abbreviations published as 
part of the U.S. National CAD Standard and scheduled on Drawings. 

3. Keynoting: Materials and products are identified by reference keynotes referencing 


Specification Section numbers found in this Project Manual. 


1.14 MISCELLANEOUS PROVISIONS 


PART 2 - PRODUCTS (Not Used) 


PART 3 - EXECUTION (Not Used) 


END OF SECTION 011000 
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SECTION 011200 - MULTIPLE CONTRACT SUMMARY 


PART 1 - GENERAL 


1.1 


1.2 


1.3 


A. 


RELATED DOCUMENTS 


Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Specification Sections, apply to this Section. 


SUMMARY 


Section includes a summary of each contract, including responsibilities for coordination and 
temporary facilities and controls. 


Specific requirements for work of each contract are also indicated in individual Specification 
Sections and on Drawings. 


Related Sections: 


1. Division 01 Section "Summary" for the Work covered by the Contract Documents, 
restrictions on the use of the Project site work sequence coordination with occupants, 
and work restrictions. 

2: Division 01 Section "Project Management and Coordination" for general coordination 
requirements. 

3. Division 01 Section "Construction Progress Documentation" for preparation and 
submittal of Construction Programs. 

4. Division 01 Section "Temporary Facilities and Controls" for specific requirements for 
temporary facilities and controls 


COORDINATION ACTIVITIES 
The Contractor shall be fully responsible for the coordination of his own Works. 


The Contractor shall coordinate his Works where necessary with the activities of other 
contractors executing works on Site. The Contractor must satisfy himself as to the extent of 
other works concurrent with this Contract. Refer also to Division 1 specification section 
13100 for further coordination detail 


C.The Contractor is advised that access to the project site pursuant to provisions of the 
Conditions of Contract may not be granted exclusively to the Contractor during the course of 
the Contract. The Contractor is further advised that Possession of and Access to the Site shall 
not be granted exclusively to the Contractor. It will be necessary for the Contractor to 
coordinate access arrangements with the Employer/Engineer to ensure that access is not 
denied to other contractors working in / on the project Site. It is an express requirement of 
this Contract that the Contractor works in harmony with all contractors, including the ones 
that are working in the close vicinity of and outside the limits of the current project site, 
whether contracts are already awarded or to be awarded in future. The Contractor must 
demonstrate to the Engineer’s satisfaction that he is fulfilling his responsibilities and duties 
with respect to the above. The Engineer requires this process to include, but not be limited to, 
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the unrestricted exchange of detailed programming information, attendance requirements, 
safety issues, access routes, location and quantum of site accommodation, material storage, 
use of tower cranes, hoists, rubbish removal and cleaning and any other issues which span the 
full spectrum of project site activities. The above is not exhaustive and the Contractor is 
notified that this process of co-ordination will continue and evolve throughout the currency 
of this Contract. 


D. The Contractor shall be responsible for ascertaining the programme of other contractors 
undertaking works that will impact and/or will require interfacing with the activities on this 
Contract. The Contractor shall demonstrate that his own programme makes due allowances for 
these works and the Contractor shall be held fully liable for any delay or damage caused to the 
works of other contractor(s), due to unreasonable denial of proper and sufficient access to carry 
out their works, or lack of co-ordination on his part. 


1.4 PROJECT COORDINATOR 


A. Coordinator: The Contractor shall appoint a full-time Coordinator for the Works. Such a 
coordinator shall be experienced in the administration and supervision of construction, 
including any mechanical and electrical work and special systems / components specific to 
the requirements of the current project. 


1. Coordination activities of the Coordinator include, but are not limited to, the following: 
a. Provide overall coordination of the Works. 
b. Coordinate shared access. 
c. Coordinate product selections for compatibility. 
d. Provide overall coordination of temporary facilities and controls. 
e. Coordinate, schedule, and approve interruptions of permanent and temporary 


utilities, including those necessary to make connections for temporary services. 


f. Coordinate construction and operations of the Works, including all interfacing 
activities, with work performed by other contractors executing works on 
adjacent or related sites and with contractors or persons employed directly by 
the Employer. 

g. Prepare Coordination Drawings, if necessary, to coordinate work by more than 


one contractor executing works on adjacent or related sites and with contractors 
or persons employed directly by the Employer. Obtain from other contractors 
and exchange with them the up-to-date technical data necessary for the 
production of Coordination Drawings. 

h. Coordinate sequencing and scheduling of the Works: The Contractor shall attend 
the meetings (Combined Contractors’? Meetings), arranged as and when required 
by the Engineer, with other contractors for sequencing and coordinating the 


Works. 

i. Provide construction photography. 

j. Provide quality-assurance and quality-control services specified in Part "Quality 
Requirements." 

k. Coordinate sequence of activities to accommodate tests and inspections, and 
coordinate schedule of tests and inspections. 

1. Provide information necessary to adjust, move, or relocate existing utility 


structures affected by construction. 

m. Locate existing permanent benchmarks, control points, and similar reference 
points, and establish permanent benchmarks on the Site. 

n. Provide field surveys of in-progress construction and site work. 
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o. Provide progress cleaning of common areas and coordinate progress cleaning of 
areas or pieces of equipment where more than one contractor has worked. 
Coordinate cutting and patching. 

Coordinate protection of the Works. 

Coordinate fire stopping. 

Coordinate preparation and submittal of Record Documents. 

Coordinate preparation and submittal of operation and maintenance manuals. 
Coordinate tests and inspections. 

Coordinate training for all Employer’s personnel as may be necessary 


spre nes 


As soon as the Contractor becomes aware of any conflicts between his own program 
and the programs of any other contractor(s) or persons working on the Site, which 
cannot be reasonably and immediately resolved directly between the parties concerned, 
the Contractor shall report the same to the Engineer for discussion at the Combined 
Contractors' Meeting. Where any conflict cannot be resolved by mutual agreement of 
the concerned parties at the Combined Contractors’ Meeting, the Engineer shall, after 
further consultation with such parties, make a determination and issue his direction or, 
if necessary, instruction on the matter 


1.5 GENERAL REQUIREMENTS OF CONTRACTS 


A. Extent of Contract: Unless the Contract Documents contain a more specific description of 
the Works, names and terminology on Drawings and in Specification Sections determine 
which contract includes a specific element of the Project. 


1. 


10. 


11. 


Unless otherwise indicated, the Work referred to in this Section for each contract and 
further elaborated in the relevant exhibits of the contract documents shall be fit for the 
purpose and fully complete operational systems and functional assemblies, including 
products, components, accessories, ancillaries, enabling and preparatory tasks, and 
installation requirements indicated or reasonably inferred by the Contract Documents, 
Local custom does not control the scope of the Work. When a potential demarcation 
dispute or similar interruption of work is first identified or threatened, affected 
contractors shall negotiate a reasonable settlement to avoid or minimize interruption 
and delays. 

Trenches and other excavation for the work of each contract shall be the work of each 
contract for its own work. 

Blocking, backing panels, sleeves, and metal fabrication supports for the work of each 
contract shall be the work of each contract for its own work 

Furnishing of access panels for the work of each contract shall be the work of each 
contract for its own work. Installation of access panels shall be the work of each 
contract for its own work. 

Equipment pads for the work of each contract shall be the work of each contract for 
its own work 

Roof-mounted equipment curbs for the work of each contract shall be the work of each 
contract for its own work 

Painting for the work of each contract shall be the work of each contract for its own 
work 

Cutting and Patching Cutting and patching for the work of each contract shall be 
provided by each contractor for his own work. 

Fire stopping for the work of each contract shall be provided by each contractor for his 
own work]. 

Contractors' Preliminary Construction Schedule: Within [15] calendar days after the 
preliminary horizontal bar-chart-type construction schedule and preliminary network 
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diagram submittal have been received, submit a matching preliminary horizontal bar- 
chart schedule and preliminary network diagram showing design and construction 
operations sequenced and coordinated with the overall construction. 


B. Temporary Facilities and Controls: In addition to specific responsibilities for temporary 
facilities and controls indicated in this Section and in Division 01 Section "Temporary 
Facilities and Controls," each contractor is responsible for the following: 


1. Installation, operation, maintenance, and removal of each temporary facility necessary 
for its own normal construction activity, and costs and use charges associated with each 
facility, except as otherwise provided for in this Section. 

23 Plug-in electric power cords and extension cords, supplementary plug-in task lighting, 
and special lighting necessary exclusively for its own activities. 

3 Its own field office, complete with necessary furniture, utilities, and telephone service. 

4 Its own storage and fabrication sheds. 

5: Temporary enclosures for its own construction activities. 

6 Staging and scaffolding for its own construction activities. 

7 General hoisting facilities for its own construction activities, up to 2 tons (2000 kg). 

8 Waste disposal facilities, including collection and legal disposal of its own hazardous, 
dangerous, unsanitary, or other harmful waste materials. 

9. Progress cleaning of work areas affected by its operations on a daily basis. 

10. Secure lockup of its own tools, materials, and equipment. 

11. Construction aids and miscellaneous services and facilities necessary exclusively for 
its own construction activities. 


C. Temporary Heating, Cooling, and Ventilation: The Contractor is responsible for temporary 
heating, cooling, and ventilation, including utility-use charges 


D. Use Charges: Comply with the following: 


1. Sewer Service: Include the cost for sewer service used by all parties engaged in 
construction activities at the Project site in the Contract. 

2; Water Service: Include the cost for water service, whether metered or otherwise, for 
water used by all entities engaged in construction activities at the Project site in the 
Contract. 

3. Electric Power Service: Include the cost for electric power service, whether metered 


or otherwise, for electricity used by all entities engaged in construction activities at the 
Project site in the Contract. 


PART 2 - PRODUCTS (Not Used) 


PART 3 - EXECUTION (Not Used) 


END OF SECTION 011200 
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SECTION 012500 - SUBSTITUTION PROCEDURES 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Division 01 Specification Sections, apply to this Section. 


1.2 SUMMARY 
A. Section includes administrative and procedural requirements for substitutions. 
B. Related Requirements: 


1. Division 01 section "Product Requirements” for requirements regarding submittals and 
substitutions of architectural products. 


1.3 DEFINITIONS 


A. Substitutions: Changes in products, materials, equipment, and methods of construction from 
those required by the Contract Documents and proposed by the Contractor. 


1. Substitutions for Cause: Changes proposed by the Contractor that are required due to 
changed Project conditions, such as unavailability of product, regulatory changes, or 
unavailability of required warranty terms. 

2. Substitutions for Convenience: Changes proposed by the Contractor or the Employer 
that are not required in order to meet other Project requirements but may offer an 
advantage to the Contractor or the Employer. 


1.4 ACTION SUBMITTALS 


A. Substitution Requests: Submit three copies of each request for consideration. Identify the 
product or fabrication or installation method to be replaced. Include Specification Section 
number and title and Drawing numbers and titles. 


1. Substitution Request Form: Coordinate with the Engineer of the format. 
Documentation: Show compliance with requirements for substitutions and the 
following, as applicable: 


a. Statement indicating why specified product or fabrication or installation cannot 
be provided, if applicable. 
b. Coordination information, including a list of changes or revisions needed to 


other parts of the Work and to construction performed by the Employer and 
separate contractors that will be necessary to accommodate proposed 
substitution. 

c. Detailed comparison of significant qualities of proposed substitution with those 
of the Work specified. Include an annotated copy of the applicable Specification 
Section. Significant qualities may include attributes such as performance, 
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weight, size, durability, visual effect, sustainable design characteristics, 
warranties, and specific features and requirements indicated. Indicate 
deviations, if any, from the Work specified. 

d. Product Data, including drawings and descriptions of products and fabrication 
and installation procedures. 


e. Samples, where applicable or requested. 

f. Certificates and qualification data, where applicable or requested. 

g List of similar installations for completed projects with project names and 
addresses and names and addresses of architects and owners. 

h. Material test reports from a qualified testing agency indicating and interpreting 
test results for compliance with requirements indicated. 

i. Research reports evidencing compliance with building code in effect for Project. 

j. Detailed comparison of Contractor's construction programme using proposed 


substitution with products specified for the Work, including the effect on the 
overall Contract Period. If a specified product or method of construction cannot 
be provided within the Contract Period, include a letter from the manufacturer, 
on the manufacturer's letterhead, stating the date of receipt of the purchase order, 
lack of availability, or delays in delivery. 

k. Cost information, including a proposal of change, if any, in the Contract Price. 

The Contractor's certification that the proposed substitution complies with 

requirements in the Contract Documents except as indicated in the substitution 

request, is compatible with related materials, and is appropriate for applications 

indicated. 

m. Contractor's waiver of rights to additional payment or time that may 
subsequently become necessary because of failure of proposed substitution to 
produce indicated results. 


— 


3: Engineer's Action: If necessary, the Engineer will request additional information or 
documentation for evaluation within 7 days of receipt of a request for substitution. The 
Engineer will notify Contractor [ through Construction Manager] of acceptance or 
rejection of proposed substitution within 14 days of receipt of the request, or 7 days of 
receipt of additional information or documentation, whichever is later. 


a. Forms of Acceptance: Refer to the Conditions of Contract. 
b. Use product specified if Engineer does not issue a decision on the use of a 
proposed substitution within the time allocated. 
1.5 QUALITY ASSURANCE 
A. Compatibility of Substitutions: Investigate and document the compatibility of proposed 


substitution with related products and materials. Engage a qualified testing agency to perform 
compatibility tests recommended by manufacturers. 


1.6 PROCEDURES 


A. Coordination: Revise or adjust affected work as necessary to integrate work of the approved 
substitutions. 
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PART 2 - PRODUCTS 


2.1 SUBSTITUTIONS 


A. Substitutions for Cause: Submit requests for substitution immediately on discovery of the 
need for change, but not later than 21 days prior to the time required for preparation and 
review of related submittals. 


1. Conditions: The Engineer will consider Contractor's request for substitution when the 
following conditions are satisfied. If the following conditions are not satisfied, 
Engineer will return requests without action, except to record non-compliance with 
these requirements: 


a. Requested substitution is consistent with the Contract Documents and will 
produce indicated results. 

b. Substitution request is fully documented and properly submitted. 

c. Requested substitution will not adversely affect the Contractor's construction 
schedule. 

d. Requested substitution has received the necessary approvals of authorities 
having jurisdiction. 

e. Requested substitution is compatible with other portions of the Work. 

f. Requested substitution has been coordinated with other portions of the Work. 

g. Requested substitution provides a specified warranty. 

h. If requested substitution involves more than one contractor, requested 
substitution has been coordinated with other portions of the Work, is uniform 
and consistent, is compatible with other products, and is acceptable to all 
contractors involved. 

B. Substitutions for Convenience: Not allowed. 
C. Substitutions for Cause: The Engineer will consider requests for substitution if received 


within 60 days after commencement of the Work. Requests received after that time may be 
considered or rejected at the discretion of the Engineer. 


1. Conditions: The Engineer will consider Contractor's request for substitution when the 
following conditions are satisfied. If the following conditions are not satisfied, 
Engineer will return requests without action, except to record non-compliance with 
these requirements: 


a. Requested substitution offers Employer a substantial advantage in cost, time, 
energy conservation, or other considerations, after deducting additional 
responsibilities Employer must assume. Employer's additional responsibilities 
may include compensation to Engineer for redesign and evaluation services, 
increased cost of other construction by Employer, and similar considerations. 

b. Requested substitution does not require extensive revisions to the Contract 
Documents. 

Cc. Requested substitution is consistent with the Contract Documents and will 
produce indicated results. 

d. Substitution request is fully documented and properly submitted. 

e. Requested substitution will not adversely affect the Contractor's construction 
schedule. 
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Th 


Requested substitution has received the necessary approvals of authorities 
having jurisdiction. 

Requested substitution is compatible with other portions of the Work. 
Requested substitution has been coordinated with other portions of the Work. 
Requested substitution provides a specified warranty. 

If requested substitution involves more than one contractor, requested 
substitution has been coordinated with other portions of the Work, is uniform 
and consistent, is compatible with other products, and is acceptable to all 
contractors involved. 


Peres 


PART 3 - EXECUTION (Not Used) 


END OF SECTION 012500 
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SECTION 013100 - PROJECT MANAGEMENT AND COORDINATION 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 
A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Specification Sections, apply to this Section. 
1.2 SUMMARY 
A. Section includes administrative provisions for coordinating construction operations on Project 
including, but not limited to, the following: 

1. General project coordination procedures. 

2; Administrative and supervisory personnel. 

3. Coordination drawings. 

4. Requests for Information (RFIs). 

5. Project Management Information System (PMIS). 

6. Project meetings. 

B. Related Sections: The following Sections contain requirements that relate to this Section: 

1. Division 01 Section "Multiple Contract Summary" for the identity of Project 
Coordinator and a description of the section of work among separate contracts and 
responsibility for coordination activities not in this Section. 

2. Division 01 Section "Construction Progress Documentation" for preparing and 
submitting the Contractor's design and construction schedule. 

3. Division 01 Section "Execution" for procedures for coordinating general installation 
and field-engineering services, including the establishment of benchmarks and control 
points. 

4. Division 01 Section "Closeout Procedures" for coordinating closeout of the Contract. 

1.3 DEFINITIONS 
A. RFI: Request from Employer, Engineer, or Contractor seeking information from each other 
during construction. 
1.4 COORDINATION 
A. Coordination: Coordinate construction operations included in different Sections of the 

Specifications to ensure the efficient and orderly installation of each part of the Work. 

Coordinate construction operations, included in different Sections, that depend on each other 

for proper installation, connection, and operation. 
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a. Coordination Meetings: Attend Combined Contractors’ Meetings with other separate 
contractors or entities working as and when required by The Engineer. The meetings 
will be arranged and conducted by the Engineer for coordinating and sequencing 
purposes, and negotiating and agreeing on delivery schedules, programmes of work and 
interfacing activities, as necessary. 


2. Schedule construction operations in the sequence required to obtain the best results 
where installation of one part of the Work depends on the installation of other 
components, before or after its own installation. 


3. Coordinate installation of different components to ensure maximum performance and 
accessibility for required maintenance, service, and repair. 
4. Make adequate provisions to accommodate items scheduled for later installation. 
B. Prepare memoranda for distribution to each party involved, outlining special procedures 


required for coordination. Include such items as required notices, reports, and a list of 
attendees at meetings. 


1. Prepare similar memoranda for the Employer and separate contractors if a coordination 
of their Work is required. 

2: File Preparation Format: Same digital data software program, version, and operating 
system as the Original Drawings. 

3. File Submittal Format: Submit or post coordination drawing files using format same 


as file preparation format] and portable data file (PDF) format. 


1.5 KEY PERSONNEL 


A. Key Personnel Names: Within 15 days of starting design and construction operations, submit 
a list of key personnel assignments, including the superintendent and other personnel in 
attendance at the Project site. Identify individuals and their duties and responsibilities; list 
addresses and telephone numbers, including home, office, and cellular telephone numbers and 
email addresses. Provide names, addresses, and telephone numbers of individuals assigned 
as standbys in the absence of individuals assigned to the Project. 


1. Post copies of the list in the project meeting room, in the temporary field office, on the 
PMIS, and by each temporary telephone. Keep the list current at all times. 


1.6 REQUESTS FOR INFORMATION (RFIs) 


A. Content of the RFI: Include a detailed, legible description of the item needing information or 
interpretation and the following: 


Project name. 

Project number. 

Date. 

Name of Contractor. 

Name of the Employer and the Engineer. 

RFI number, numbered sequentially. 

RFI subject. 

Specification Section number and title and related paragraphs, as appropriate. 
Drawing number and detail references, as appropriate. 

0. Field dimensions and conditions, as appropriate. 
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11. Contractor's suggested resolution. If the Contractor's solution(s) impacts the Contract 
Time or the Contract Sum, the Contractor shall state the impact in the RFI. 

12. Contractor's signature. 

13. Attachments: Include sketches, descriptions, measurements, photos, Product Data, 
Shop Drawings, coordination drawings, and other information necessary to fully 
describe items needing interpretation. 


a. Include dimensions, thicknesses, structural grid references, and details of 
affected materials, assemblies, and attachments on attached sketches. 


B. RFI Forms: Software-generated form with substantially the same content as indicated above, 
acceptable to Engineer. 


Œ: Engineer's Action: The Engineer will review each RFI, determine the action required, and 
respond. Allow 21 days for Engineer response for each RFI. RFIs received by the Engineer 
after 1:00 p.m. will be considered as received the following working day. 


1. The following RFIs will be returned without action: 
a. Requests for coordination information already indicated in the Contract 
Documents. 
Requests for adjustments in the Contract Time or the Contract Sum. 
c. Requests for interpretation of CM's actions on submittals. 


d. Incomplete RFIs or inaccurately prepared RFIs. 


2. The Engineer 's action may include a request for additional information, in which case 
The Engineer's time for response will date from the time of receipt of additional 
information. 

3. The Engineer on RFIs that may result in a change to the Contract Time or the Contract 


Sum may be eligible for the Contractor to submit a Change Proposal according to the 
Contract Conditions. 


a. If the Contractor believes the RFI response warrants a change in the Contract 
Time or the Contract Sum, notify the Engineer in writing within 14 days of 
receipt of the RFI response. 


D. Upon receipt of the Engineer's action, update the RFI log and immediately distribute the RFI 
response to affected parties. Review response and notify Engineer within 7 days if Contractor 
disagrees with the response. 


E. RFI Log: Prepare, maintain, and submit a tabular log of RFIs organized by the RFI number. 
Submit log weekly Use the software log that is part of the PMIS. Include the following: 
Software log with not less than the following:] 


Project name. 

Name and address of Contractor. 

Name and address of Engineer]. 

RFI numbers including RFIs that were dropped and not submitted. 
RFI description. 

Date the RFI was submitted. 

Date Engineer's response was received. 
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1.7 PROJECT MANAGEMENT INFORMATION SYSTEM (PMIS). 


A. Provide, administer, and use Project Management Information System (PMIS) for purposes 
of hosting and managing project communication and documentation until Final Completion. 
The Project Management Information System requires essential features to deal with its 
various functions; this includes but not limited to the following requisite features: 


i. Planning and Scheduling 


The PMIS shall include scheduling tools for project control, including a schedule to track 
the day-to-day activities. Resources’ allocation and availability and costs are linked with 
project planning. 


ii. Budget and Estimation (Project’s Forecast) 


The estimation should consider the resources in the project, the time available, and the 
Employer’s budget. 


iii. Resource and Procurement Management 


The resources of the project includes human resources, material resources, machinery,... etc. 
The resources are managed on a timely basis and updated to avoid waste of work or idle time. 
Procurement is also managed with the help of the PMIS system. It helps keep track of the 
costs spent on both the resources and the procurement. 


iv. Project Performance 


The performance measurement of management is another feature available in the PMIS. The 
project plan can be changed to obtain the success of the project. The changes have to be useful 
and must not affect the budget and timeline in a higher manner. Hence, calculations like 
Estimate at Completion (EAC), Estimate to Complete (ETC), Variance at Completion 
(VAC), etc. will be helpful in managing the projects effectively. 


v. Progress Reporting and Communication 


The reports are generated for every task and project to understand the work. The positives 
and negatives of the project can be studied. Therefore, the PMIS system will help generate 
progress reports to communicate with various team members and stakeholders. In addition, 
the reports will be analyzed for any requirement. The PMIS is useful for communicating with 
various project team members. 


vi. Integration 


To overcome the challenges, PMIS is highly helpful in maintaining data integration in the 
project. Likewise, the system helps in producing productive and useful information with 
integration. It also helps in the effective management of tasks in a timely manner. 


Without prejuidice with the aforementioned requirements, the PMIS shall include but not 
limited to the following functions: 


Project directory. 

Project correspondence. 

Meeting minutes. 

Contract modifications forms and logs. 
RFI forms and logs. 

Task and issue management. 

Photo documentation. 

Schedule and calendar management. 
Submittals forms and logs. 

0. Payment application forms. 
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11. Drawing and specification document hosting, viewing, and updating. 

12. Online document collaboration. 

13. Reminder and tracking functions. 

14. Archiving functions. 

15. Primevera Project Management version P 6.2 or latest edition and a Contract Manager 
latest version 


B. Provide up to 10 PMIS user licenses for use of the Employer/Engineer. Provide 8 hours of 
software training at the Engineer’s office for Project Web site users. 


C. Upon completion of Project, provide three complete archive copies of PMIS files to the 
Employer and to the Engineer in a digital storage format acceptable to the Engineer. 


D. The Contractor, subcontractors, and other parties granted access by the Contractor to the 
PMIS shall execute a data licensing agreement in the form of an Agreement acceptable to the 
Employer and Engineer. 


1.8 PROJECT MEETINGS 


General: Unless otherwise indicated Engineer will schedule and conduct meetings and 
conferences The party responsible for scheduling and conducting a meeting or conference 
shall also: 


1. Attendees: Inform participants and others involved, and individuals whose presence is 
required, of the date and time of each meeting. Notify Employer and design consultants 
as applicable of scheduled meeting dates and times. 

2. Agenda: Prepare the meeting agenda. Distribute the agenda to all invited attendees. 

3. Minutes: Entity responsible for conducting the meeting will record significant 
discussions and agreements achieved. Distribute the meeting minutes to everyone 
concerned, including the Employer, within 3days of the meeting. 


B. Preconstruction Conference: Engineer will schedule and conduct a preconstruction 
conference before starting construction, at a time convenient to the Employer 


1. Conduct the conference to review responsibilities and personnel assignments. 
Attendees: Authorized representatives of Employer/Engineer, and design consultants 
as applicable; Contractor and its superintendent; major subcontractors; suppliers; and 
other concerned parties shall attend the conference. All participants at the conference 
shall be familiar with Project and authorized to conclude matters relating to the Work. 

3. Agenda: Discuss items of significance that could affect progress, and examine 
administrative and procedural requirements; including but not necessarily limited to 
the following, as applicable: 


Distribution of the Contract Documents 

Mobilization 

Possession of Site 

Tentative construction schedule. 

Phasing. 

Critical work sequencing and long-lead items. 

Designation of key personnel and their duties. 

Lines of communications. 

Procedures for processing field decisions and Change Orders. 
Procedures for RFIs. 
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Procedures for testing and inspecting. 

Procedures for processing Applications for Payment. 
Submittal procedures. 

Sustainable design requirements. 

Preparation of record documents. 

Use of the premises and existing building (if applicable). 
Work restrictions. 

Working hours. 

Employer's occupancy requirements. 

Responsibility for temporary facilities and controls. 
Procedures for moisture and mold control. 
Procedures for disruptions and shutdowns. 
Construction waste management and recycling. 
Parking availability. 

Office, work, and storage areas. 

Equipment deliveries and priorities. 

Safety and health 

First aid. 

Security. 

Progress cleaning. 
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4. Minutes: Entity responsible for conducting the meeting will record and distribute 
meeting minutes. 


C. Pre-installation Conferences: Where individual Specification Sections indicate such a 
requirement, conduct a pre-installation conference at the Project site before each construction 
activity that requires coordination with other construction. 


1. Attendees: Installer and representatives of manufacturers and fabricators involved in 
or affected by the installation and its coordination or integration with other materials 
and installations that have preceded or will follow, shall attend the meeting. Notify 
the Engineer in advance of scheduled meeting dates. The Engineer may or may not 
attend pre-installation conferences. 

2: Agenda: Review progress of other construction activities and preparations for the 
particular activity under consideration, including requirements for the following, as 
applicable: 


Options. 

Related RFIs. 

Related Change Orders. 
Purchases. 

Deliveries. 

Submittals. 

Review of mockups. 

Possible conflicts. 

Compatibility problems. 

Time schedules. 

Weather limitations. 
Manufacturer's written recommendations. 
Warranty requirements. 
Compatibility of materials. 
Acceptability of substrates. 
Temporary facilities and controls. 
Space and access limitations. 
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r. Regulations of authorities having jurisdiction. 
s. Testing and inspecting requirements. 
t. Installation procedures. 
u. Coordination with other work. 
v. Required performance results. 
w. Protection of adjacent work. 
x. Protection of construction and personnel. 
y. Safety and health. 
Z. Security. 
3. Record significant conference discussions, agreements, and disagreements, including 
required corrective measures and actions. 
4. Reporting: Distribute minutes of the meeting to each party concerned including the 
Engineer and to other parties requiring information, within 3 days of the conference. 
5: Do not proceed with the installation if the conference cannot be successfully concluded. 


Initiate whatever actions are necessary to resolve impediments to the performance of 
the Work and reconvene the conference at the earliest feasible date. 


D. Progress Meetings: The Engineer will conduct progress meetings at weekly or fortnightly 
intervals; or more frequently whenever he considers it to be necessary. 


1. Attendees: In addition to representatives of the Employer/Engineer, and the contractor, 
subcontractor, supplier, and other entity concerned with current progress or involved 
in planning, coordination, or performance of future activities shall be represented at 
these meetings. All participants at the meeting shall be familiar with Project and 
authorized to conclude matters relating to the Work. 

2 Agenda: The Engineer will set the agenda for each meeting to: review and correct or 
approve minutes of previous progress meetings; review other items of significance that 
could affect progress. Include topics for discussion as appropriate to the status of the 
Project. 


a. Contractor's Design and Construction Schedule: Review progress since the last 
meeting. Determine whether each activity is on time, ahead of schedule, or 
behind schedule, in relation to the Contractor's construction schedule. 
Determine how construction behind schedule will be expedited; secure 
commitments from parties involved to do so. Discuss whether schedule 
revisions are required to ensure that current and subsequent activities will be 
completed within the Contract Time. 


1) Review schedule for next period. 
b. Review present and future needs of each entity present, including the following: 


1) Interface requirements. 

2) Sequence of operations. 

3) Status of submittals. 

4) Deliveries. 

5) Off-site fabrication. 

6) Access. 

7) Site utilization. 

8) Temporary facilities and controls. 
9) Progress cleaning. 

10) Quality and work standards. 

11) Status of correction of deficient items. 
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12) Field observations. 

13) Status of RFIs. 

14) Status of proposal requests. 

15) Pending changes. 

16) Status of Change Orders. 

17) Pending claims and disputes. 

18) Documentation of information for payment requests. 


3. Minutes: Entity responsible for conducting the meeting will record and distribute the 
meeting minutes to each party present and to parties requiring information. 
4. Schedule Updating: Revise the Contractor's design and construction schedule after 


each progress meeting where revisions to the schedule have been made or recognized. 
Issue revised schedule to the Engineer concurrently with the report of each meeting. 
within 3 days of the meeting, 


a. Incorporate into update programmes, the effect of all Variations issued and 
agreed as at time of programme update. 


5. Reporting: The Engineer will record, prepare and distribute minutes of the meeting to 
each party present and to the Employer, together with a brief report summary in 
narrative form, of progress, actions required and other significant matters arising since 
the previous meeting and report. 


PART 2 - PRODUCTS (Not Used) 


PART 3 - EXECUTION (Not Used) 


END OF SECTION 013100 
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SECTION 013200 - CONSTRUCTION PROGRESS DOCUMENTATION 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Particular Conditions 
and other Specification Sections, apply to this Section. 


1. Refer to Conditions of Contract and Agreement for definitions and specific dates of 
Contract Time. 


1.2 SUMMARY 


A. This Section includes administrative and procedural requirements for documenting the 
progress of construction during the performance of the Work, including the following: 


Initial (Programme) schedule. 
Contractor's construction schedule. 
Submittals Schedule 

Daily construction reports. 
Monthly progress reports 

Material location reports. 

Field condition reports. 

Accident reports 

Wage book and time sheet records. 
0. Special reports. 
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B. Related Sections: 


1. Division 01 Section "Summary" for Work sequence and staged completion and 
occupation requirements. 

2: Division 01 Section "Project Management and Coordination" for distributing meeting 
and conference minutes 

3. Division 01 Section "Submittal Procedures" for submitting schedules and reports. 

4. Division 01 Section "Quality Requirements" for submitting a schedule of tests and 
inspections. 

5. Specifications sections for specific submittal requirements. 


1.3 DEFINITIONS 


A. Activity: A discrete part of a project that can be identified for planning, scheduling, 
monitoring, and controlling the construction project. Activities included in a construction 
schedule consume time and resources. 


1. Critical Activity: An activity on the critical path that must start and finish on the 
planned early start and finish times. 
2 Predecessor Activity: An activity that precedes another activity in the network. 
3. Successor Activity: An activity that follows another activity in the network. 
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B. Cost Loading: The allocation of the schedule of values for the completion of an activity as 
scheduled. The sum of costs for all activities must equal the total Contract Sum, unless 
otherwise approved by the Engineer. 


C. CPM: Critical path method, which is a method of planning and scheduling a construction 
project where activities are arranged based on activity relationships. Network calculations 
determine when activities can be performed and the critical path of the Project. 


D. Critical Path: The longest connected chain of interdependent activities through the network 
schedule that establishes the minimum overall Project duration and contains no float. 


E. Network Diagram: A graphic diagram of a network schedule, showing activities and activity 
relationships 

F. Event: The starting or ending point of an activity. 

G. Float: The measure of leeway in starting and completing an activity. 
1. Float time is not for the exclusive use or benefit of either Party, but is a jointly owned, 


expiring Project resource available to both parties as needed to meet schedule 
milestones and Time for Completion. 


2. Free float is the amount of time an activity can be delayed without adversely affecting 
the early start of the successor activity. 
3. Total float is the measure of leeway in starting or completing an activity without 


adversely affecting the planned Project Time for Completion 


H. Resource Loading: The allocation of manpower and equipment necessary for the completion 
of an activity as scheduled. 


I. Fragnet: A partial or fragmentary network that breaks down activities into smaller activities 
for greater detail. 


J. Major Area: A work area or storey of construction as applicable, a separate building as 
applicable, or a similar significant construction element. 


K. Milestone: A key or critical point in time for reference or measurement, including for 
example, but not necessarily limited to: 


1. Commencement Date. 
2. Completion dates for specific Sections or parts of the Works. 
3. Completion date for the whole of the Works. 


1.4 INFORMATIONAL SUBMITTALS 


A. Qualification Data: For firms and persons specified in the "Quality Assurance" Article to 
demonstrate their capabilities and experience. Include lists of completed projects with project 
names and addresses, names and addresses of architects/engineers and Employers, and other 
information specified. 


B. Submittals Schedule: Submit three (3) copies of the schedule. Arrange the following 
information in a tabular format, identifying the corresponding programme activity or event 


number for each scheduled date: 


1. Scheduled date for the first submittal. 
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Specification Part number and title. 

Submittal type and category (action or informational). 

Name of manufacturer and/or subcontractor, as applicable. 
Description of the work covered. 

Scheduled date for the Engineer’s final release or approval. 
Scheduled dates for Purchase Order and first delivery to Project site. 
Scheduled date for commencement of installation. 
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C. Update Submittals Schedules: Submit three (3) copies of update schedules. 


D. Programme: Submit two coloured print copies of programme, large enough to show the entire 
programme for the entire contract period. In the title block indicating "Initial", "Revised" or 
"Update" as applicable, and the date of issue: 


1. Submit a working electronic copy of the schedule, on CD-ROM using Primavera or 
similar reputable software with prior approval of the Employer/Engineer, and labelled 
to comply with requirements for submittals. Include the type of schedule (initial or 
updated or revised) and date on the label. 


E. Start-up construction schedule. 


1. Approval of cost-loaded start-up construction schedule will not constitute approval of 
the schedule of values for cost-loaded activities. 


F. Start-up Network Diagram: Of size required to display the entire network for the entire 
construction period. Show logic ties for activities. 


G. Contractor's Construction Schedule: Initial schedule, of the size required to display the entire 
schedule for the entire construction period. 


H. CPM Reports: Concurrent with each CPM schedule submittal, submit three (3) printed copies 
of each of the following corresponding, computer-generated reports. Format for each activity 
in reports shall contain activity number, activity description, cost and resource loading, 
original duration, remaining duration, early start date, early finish date, late start date, late 
finish date, and total float in calendar days. 


1. Activity Report: List of all activities sorted by major area, then by activity number and 
then early start date, or actual start date if known. 

2. Logic Report: List of preceding and succeeding activities for all activities, sorted in 
ascending order by activity number and then early start date, or actual start date if 
known. 

3. Total Float Report: List of all activities sorted in ascending order of total float. 

4. Earnings Report: Compilation of Contractor's total earnings from the commencement 
of the Work] until most recent Application for Payment. 

5. Resource Allocation and Loading Report: List of all resources allocated to schedule 


activities, sorted in ascending order by activity number and then early start date, or 
actual start date if known, including but not necessarily limited to: 


a. Number and trade classification of workmen. 
b. Quantities of materials and products. 
c. Contractor's Equipment. 
6. Monetary Value Summaries (cash flow) 
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I. Daily Construction Reports: Submit two copies daily, and no later than 4:00 pm on the day 
immediately following the date of the report. 


J. Monthly Progress Reports: Submit copies as stated in the Conditions of Contract at monthly 
intervals. Report progress status coincidental with the cut-off date associated with each 
Monthly Statement payment application. The Report shall be submitted each within 7 days 
after the cut-off date associated with the each Monthly Statement payment application. 


1. Submit an electronic copy, using the latest version of Project Management software, 
on a Compact Disk labelled to comply with requirements for submittals at monthly 


intervals. 


K. — Material Location Reports: Submit two copies at weekly intervals. 


L. Field Condition Reports: Submit two copies at the time of discovery of differing conditions. 
M. Accident Reports: Submit two copies at the time of the accident event. 

N. Special Reports: Submit two copies at the time of the unusual event. 

O. Detailed Method Statement for the construction works illustrating the co-ordination with the 


other contractors, as applicable 


1.5 QUALITY ASSURANCE 


A. Scheduling Consultant Qualifications: An experienced specialist in CPM scheduling and 
reporting, with the capability of producing CPM reports and diagrams within 24 hours of the 
Engineer's request. 


B. Computer Software: Use a professional high-end, reputable project management software, 
Primavera or similar reputable software with prior approval of the Employer/Engineer, that 
has been developed specifically to manage CPM construction programming, scheduling and 
reporting indicated for the Project. 


C. Prescheduling Conference: Conduct a conference at the Project site to comply with 
requirements in Division 01 Section "Project Management and Coordination." Review 
methods and procedures related to the preliminary construction schedule and Contractor's 
construction schedule, including, but not limited to, the following: 


1. Review software limitations and content and format for reports. 
Verify the availability of qualified personnel needed to develop and update the 
schedule. 

3. Discuss constraints, including phases, sections, work sequences, area separations, 


interim milestones, interface with other contractors, statutory agencies and authorities 
having jurisdiction; staged completion, partial Employer occupancy and the like, as 
applicable 


4. Review delivery dates for Employer-furnished products (if applicable). 

5. Review schedule (programme) for work of Employer's separate contracts. 

6. Review time required for review of submittals and resubmittals. 

7. Review requirements for tests and inspections by independent testing and inspecting 

agencies. 

8. Review time required for completion and start-up procedures. 

9. Review and finalize the list of construction activities to be included in the schedule. 
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1.6 


A. 


B. 


10. Review submittal requirements and procedures. 
11. Review procedures for updating the schedule. 


COORDINATION 
Coordinate preparation and processing of schedules and reports with the performance of 
construction activities and with programming scheduling and reporting of separate 


contractors. 


Coordinate Programme with the list of subcontracts, submittal schedule, progress reports, 
payment requests, and other required schedules and reports. 


1. Secure time commitments for performing critical elements of the Work from entities 
involved. 
2: Coordinate each activity in the network with other activities and schedule them in 


proper sequence. 


PART 2 - PRODUCTS 


2.1 CONTRACTOR'S DESIGN AND CONSTRUCTION SCHEDULE, 

A. Preparation: Arrange Submittals Schedule in chronological order by dates required by the 
programme. Include time required for review, resubmittal, ordering, manufacturing, 
fabrication, and delivery when establishing dates. 

1. Coordinate Submittals Schedule with a list of subcontracts and Contractor's 
Construction Program. 

2. Submittal: Submit concurrently with the submittal of the completed Contractor's 
Programme. List those required to maintain orderly progress of the Work and those 
required early because of long lead-time for manufacture or fabrication. 

3. Update Submittals: Continuously update Submittals Schedule to reflect the actual and 
on-going current status, including additions to and changes in the timing of submittals. 
Submit an Update Submittals Schedule on the day before each regular Progress 
Meeting. 

B. Procedures: Comply with relevant provisions and requirements contained in the Conditions 
of Contract 

Ç: Time Frame: Extend the schedule from the date established for commencement of the Work 
to the date of final completion. 

1. Time for Completion shall not be changed by submission of a schedule that shows an 
early completion date, unless specifically authorized by Variation 

D. Calendar and Working Hours: 

1. The normal working hours are from 09:00 to 18:00 hours inclusive of one hour break. 
Normal working hours shall be 8 hours per shift. The Contractor shall have the option 
to work round the clock and on locally recognized days of rest in accordance with the 
prevalent Government of Pakistan/Provincial Labour Laws. 

2: The Employer / Engineer or others with delegated authority shall approve the starting 
and finishing times, lunch and tea breaks of the dayshift proposed by the Contractor. 
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3. The Contractor is allowed, subject to the prior approval of the Employer / Engineer or 
others with delegated authority to work in multiple shifts as necessary to meet the 
construction schedule. The Contractor is to bear any additional cost due to this 
requirement. 

4. The Contractor shall note that staggered work hours may be required to be adopted to 
ease congestion on the site, access road routes, security gates, and elsewhere on the 
Site or to avoid inconvenience to the existing neighbouring contractors, tenants and 
public as applicable. 


E. Work Breakdown Structure (WBS): 


WBS will be developed by the Engineer, and the Contractor is required to develop the 
schedule for the Project within this framework. Therefore, the WBS dictionary and level will 
be prepared by the Engineer in consultation with the Employer and which informs the 
contractor what codes to use in the schedule, (i.e. Program, Project, WBS element, etc.) This 
helps establishing a mapping of the codes in the Baseline schedule and its integration and 
provides consistency across all designer, contactor and subcontractor schedules, across all 
project. It may be necessary to develop the WBS further as the project progresses, and as the 
Construction Programme is developed. Any additions to the WBS will be proposed by the 
Contractor in writing and approved by the Engineer, following consultation with the 
Employer’s representative. 


F. Arrangement: Arrange activities on the programme by Section and/or major area, as 
applicable 
G. Activities: Treat each story or separate area as a separate numbered activity for each principal 


element of the Work. Comply with the following: 


1. Activity Id Numbering: Each activity should have a unique alphanumeric identifier 
which would be set by the Engineer for consistency purpose and application in all 
Programme of works. 


2. Long activity durations provide less detail and, therefore, less information with which 
to manage a project. 

3. Activity Duration: Define activities so no activity is longer than 20 days, unless 
specifically allowed by Engineer. 

4. Procurement Activities: Include procurement process activities for the long lead items 


and major items, requiring a cycle of more than 60 days, as separate activities in the 
schedule. Procurement cycle activities include, but are not limited to, submittals, 
approvals, purchasing, fabrication, and delivery. 

5: Submittal Review Time: Include review and resubmittal times indicated in Division 01 
Section "Submittal Procedures" in the schedule. Coordinate submittal review times in 
the Contractor's construction schedule with the submittal schedule. 

6. Start-up and Testing Time: Indicate and include appropriate time allowances for start- 
up and testing. 

7. Taking Over: Indicate completion in advance of the date established for Taking-Over, 
and allow time for the Engineer's administrative procedures necessary for certification 
of Taking-Over. 

8. Punch List and Final Completion: Include not more than 30 days for punch list and 
final completion. 


H. Constraints: Include constraints and work restrictions indicated in the Contract Documents 
and as follows in the schedule, and show how the sequence of the Work is affected. 


1. Phasing: Arrange the list of activities on schedule by phase. 


CONSTRUCTION PROGRESS DOCUMENTATION 013200 - Page 6 of 17 
P21161/4309-04-TD-SPC-15A2-PMC-01 REV 0 


RFP — Karachi Mobility Project (Yellow BRT) — PK-SMTA-334960-CW-RFP 
Procurement of Package - 4: NEW JAM SADIQ BRIDGE (Yellow Corridor Segment 3) 
Volume (2): Part (B) Specifications (1 of 2) - 013200 - Construction Progress Documentation 


2. Work under More Than One Contract: Include a separate activity for each contract. 

3. Work by Employer: Include a separate activity for each portion of the Works performed 
by the Employer. 

4. Products Ordered in Advance: Include a separate activity for each product. Include the 


delivery date indicated in Division 01 Section "Summary." Delivery dates indicated 
stipulate the earliest possible delivery date. 

5. Employer-Furnished Products: Include a separate activity for each product. Include 
the delivery date indicated in Division 01 Section "Summary." Delivery dates indicated 
stipulate the earliest possible delivery date. 

6. Work Restrictions: Show the effect of the following items on the schedule: 


Coordination with existing construction. 
Limitations of Project site. 
Uninterruptible services. 

Partial occupancy before Taking Over. 
Use of premises restrictions. 

Provisions for future construction. 
Seasonal variations. 

Environmental control. 
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7. Work Stages: Indicate important stages of design and construction for each major 
portion of the Work, including, but not limited to, the following: 


a. Design Development 

b. Permits and NOCs 

c. Subcontract awards. 

d. Submittals. 

e. Purchases. 

f. Mockups. 

g. Fabrication. 

h. Sample testing. 

i. Deliveries. 

j. Installation. 

k. Tests and inspections. 

1. Adjusting. 

m. Curing. 

n. Startup and placement into final use and operation. 
8. Construction Areas: Identify each major area of construction for each major portion of 


the Work. Indicate where each construction activity within a major area must be 
sequenced or integrated with other construction activities to provide for the following: 


a. Structural completion. 
b. Permanent space enclosure. 
Cc. Completion of mechanical installation. 
d. Completion of electrical installation. 
e. Taking Over. 
I. Sectional Completions and Milestones: Include in the programme, milestones and any and all 


sectional completion requirements, indicated in Contract Documents, including but not 
necessarily limited to Commencement Date, dates for Taking-Over, sections or parts of the 
Works, and date for Taking-Over the whole of the Works, and any other milestone specified 
in the Conditions of Contract. 
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2.2 


2.3 


Upcoming Work Summary: Prepare a summary report indicating activities scheduled to occur 
or commence prior to the submittal of the next schedule update. Summarize the following 
issues: 


Unresolved issues. 

Unanswered RFIs. 

Rejected or unreturned submittals. 
Notations on returned submittals. 
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Cash Flow Correlation: Provide a cash flow correlation line, indicating on the line, the 
monetary value volume of the Works as planned and as actually performed. 


Tabulate cash flow correlation, coincidental with cutoff dates associated with Monthly 
Statement payment applications, and use as a basis for the preparation of Cash Flow Estimate 
submittal. 


Contract Variations: If and when requested by the Engineer in connection with any proposed 
or instructed contract Variation, prepare and submit a time-impact analysis, using fragnets if 
necessary, to demonstrate the effect of the proposed or instructed Variation on the overall 
programme. 


Computer Scheduling Software: Prepare and update programs and schedules using the 
following software program that has been developed specifically to manage programming and 
scheduling. 


1. Primavera or similar reputable software with prior approval of the 
Employer/Engineer, the Latest Version for Windows operating system (Professional 
Version), and Primavera Contract Manager latest edition. 


PRELIMINARY PROGRAMME (BAR-CHART SCHEDULE) 


Preliminary (Initial) Programme: Submit within twenty eight (28) calendar days as indicated 
in the Conditions of Contract, a preliminary (initial) horizontal bar-chart-type or network-type 
programme with Proposal in accordance with the requirements of the Conditions of Contract 
and appended schedules to “Instructions to Proposers”. 


Preparation: Indicate each significant activity separately. Identify the first workday of each 
week with a continuous vertical line. Outline significant activities for the first 90 days of the 
project. Include a skeleton diagram for the remainder of the Works and a cash flow prediction 
based on indicated activities. 


CONTRACTOR'S CONSTRUCTION SCHEDULE (CPM SCHEDULE) 

General: Prepare network diagrams using AON (activity-on-node) format. 

Startup Network Diagram: Submit the diagram within 35 days after receiving the Notice under 
Sub-Clause 8.1 [Commencement of Works] of the Conditions of Contract. Outline significant 
construction activities for the first 90 days of construction. Include a skeleton diagram for the 


remainder of the Works and a cash requirement prediction based on indicated activities. 


CPM Schedule: Prepare and submit a Contractor's Programme, not later than thirty (42) 
calendar days after receiving the Notice under Sub-Clause 8.1 [Commencement of Works] of 
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the Conditions of Contract, using a CPM network analysis diagram. Base programme on the 
Preliminary Programme submitted with the Proposal and whatever updating and feedback 
received to date. Follow procedures and produce CPM schedule and reports in such form and 
detail as specified. Incorporate additional requirements, as the Engineer shall reasonably 
prescribe. 


1. Develop, finalize and submit the completed CPM schedule and reports for the 
Engineer’s review and consent no later than fifty six (56) days receiving the Notice 
under Sub-Clause 8.1 [Commencement of Works] of the Conditions of Contract, unless 
specified otherwise in the Conditions of Contract. 


a. Failure to include any work item required for the performance of this Contract 
shall not excuse the Contractor from completing all work within applicable 
completion dates, regardless of the Engineer's approval of the schedule. 


2: Conduct educational workshops to train and inform key Project personnel, including 
subcontractors’ personnel, on proper methods of providing data and using CPM 
schedule information. 

3. Once consented, this Baseline Schedule will be used as per the Contract Clause — 
Programme. No changes to the Baseline Schedule are allowed without complying with 
the schedule revision requirements described in below section herein. 

4. The consented schedule shall then be used by the Contractor for planning, organizing 
and directing the Works and for reporting progress payment. 

5. Establish procedures for monitoring and updating the CPM schedule and for reporting 
progress. Coordinate procedures with progress meetings and Monthly Statement 
payment application dates. 

6. Use "one workday" as the unit of time and indicate the number of shifts per workday. 

7. Use a calendar to identify and indicate holidays and other non-work days 


D. CPM Schedule Preparation: Prepare a list of all activities required to complete the Works. 
Using the start-up network diagram, prepare a skeleton network to identify probable critical 
paths. 


1. Activities: Indicate for each activity which shall comprise of a specific and measurable 
element of work, the estimated time duration which will be calculated using 
productivity rates, sequence requirements, resource requirements and the relationship 
of each activity in relation to other activities and monetary value. No activity on the 
project work schedule shall have a duration exceeding 21 calendar days and the number 
of activities with a duration of less than 7 calendar days should be kept to a minimum 
and excessive amounts of the float should be avoided / rectified to make progress 
monitoring on the project more manageable. 


The activities on the schedule shall be in accordance with the Work Breakdown 
Structure (WBS), Cost Breakdown Structure (CBS), Resource Breakdown Structure 
(RBS) and Activity Codes. As a minimum Activities shall cover and include dates and 
estimated time frames for the following: 


a. Design Development and Permits 
b. Preparation and processing of submittals. 
c. Mobilization and Securing of Permits and demobilization 
d. Engineering (Submittals and Approval of shop drawings and documents). 
e. Procurement and Purchase of materials and equipment. 
f. Delivery. 
g. Fabrication. 
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h. Accurate definition for the Long Lead Items and their Material Requirement 
Plans (MRP) 

1 Utility interruptions. 

j. Installation. 

k. Work by Employer that may affect or be affected by Contractor's activities. 

i Any activities for other Contractors including but not limited to site possession 
and access and in which affect the progress or completion date of all or part of 
the works 


m. Testing and commissioning. 
n. Punch list and final completion. 
o. Activities occurring following final completion. 
2: Critical Path Activities: Identify critical path activities, including those for interim 


completion dates. Scheduled start and completion dates shall be consistent with 
Contract milestone dates. 

3. Processing: Process data to produce output data on a computer-drawn, time-scaled 
network. Revise data, reorganize activity sequences, and reproduce as often as 
necessary to produce the CPM schedule within the limitations of the Contract Time. 


a. Use the resource-levelling method in computing the CPM schedule 


4. Format: Mark the critical path. Locate the critical path near the center of the network; 
locate paths with the most float near the edges. 
a. Subnetworks on separate sheets are permissible for activities clearly off the 
critical path. 


5. Logic Relationships: 


a. Logic of interdependencies shall be based on constructability and not on 
preferred working logic 

b. Float is an asset of the Project and NOT for the exclusive use/benefit of the 
Contractor 

c. Interference with all related packages should be clearly identified. 


6. The schedule shall be prepared in sufficient detail (matching the method of handing 
over regarding zoning, flooring, trades, etc.) which would be discussed and agreed 
upon by the Engineer to ensure adequate planning, execution and monitoring of the 


work. 

7. The schedule shall take into account all time risk allowances, including time for the 
weather conditions (rain, wind, etc.) reasonably to be anticipated by the Contractor. 

8. Excessive leads and lags, negative lags or open/hanging activities, use of fixed dates 


and any other programming activities that can have the effect of creating false criticality 
or inhibiting the Schedule from reacting dynamically to change should be avoided. 
9. Cost and Resource-Loading of CPM Schedule: 


Resource loading: assign manpower, construction equipment and material quantities to 
activities. It should be reflected in the Resource Charts (Curve and Histogram) 


Cost loading: Assign monetary value / cost to construction activities on the CPM 
schedule as per the Contract Bill of Quantities, Unit Rates, Prices and Quantities 
(Expense Category on Primavera or similar reputable software with prior approval of 
the Employer/Engineer). Do not assign costs to submittal activities. Obtain Engineer's 
approval prior to assigning costs to fabrication and delivery activities. 
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a. Each activity cost shall reflect an appropriate value subject to approval by the 
Engineer 
b. Total cost assigned to activities shall equal the total Contract Sum. 


10. Submittal of CPM Detailed Construction Work schedule: to include but not limited to: 


a. Programme Narrative and Method Statement highlighting the project constraints 
and assumptions made 


b. Cost and Resource Loaded Baseline Schedule 
c. Cash Flow Statement and Progress S-Curve 
d. Resource Charts (distribution curve and histogram) 
e. Others as required by the Engineer 
E. Contract Modifications: For each proposed contract modification and concurrent with its 


submission, prepare a time-impact analysis using a network fragment to demonstrate the 
effect of the proposed change on the overall project schedule. 


F. Initial Issue of Schedule: Prepare an initial network diagram from a sorted activity list 
indicating straight "early start-total float." Identify critical activities. Prepare tabulated reports 
showing the following: 


Contractor or subcontractor and the Work or activity. 

Description of activity. 

Principal events of activity. 

Immediate preceding and succeeding activities. 

Early and late start dates. 

Early and late finish dates. 

Activity duration in workdays. 

Calendar for each activity 

Total float or slack time. 

10. Resource allocation and loading of activity 

11. Average size of workforce. 

12. Monetary value of activity (coordinated with the schedule of values). 

13. Holidays and non-work days 

14. Schedule Updating: Concurrent with making updates and/or revisions to schedule, 
prepare (in addition to other specified CPM reports) tabulated reports showing the 
following: 

15. Identification of activities that have changed. 

16. Changes in early and late start dates. 

17. Changes in early and late finish dates. 

18. Changes in activity durations in workdays. 

19. Changes in the critical path. 

20. Changes in total float or slack time. 

21. Changes in usage or availability of resources 

22. Changes in the Contract Period. 

23. Value Summaries: Prepare two cumulative value lists, sorted by finish dates. Indicate 
actual versus originally planned progress. 

24. Inter phase requirements, with prioritized completion of sections of Infrastructure to 
achieve Villa hand-over in sequence as per the Employer’s requirements. 

25. Coordination with ongoing Enabling Works. 

26. Testing and commissioning of completed section considering continuity with other 
phases at interphase points. 

27. Obtain NOC for the gas network to facilitate NOC for SNG plant design approval. 


ODO A a BO 
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2.4 


Monetary Value Summaries: Prepare cash flow predictions based on indicated activities 


1. In the first list, tabulate the following: 


Activity number. 
Early finish date. 
Monetary value. 
Cumulative monetary value. 


aorp 


2: In the second list, tabulate the following: 


a. Activity number. 
b. Early finish date. 
c. Monetary value. 
d. Cumulative monetary value. 
3. Prepare a list for ease of comparison with payment requests; coordinate timing with 


progress meetings. 


a. In both value summary lists, tabulate "actual percent complete" and "cumulative 
value completed" with a total at the bottom. 
b. Submit value summary printouts one week before each regularly scheduled 


progress meeting. 


Execution Method Statement: Submit with the Contractor's Construction Program a method 
statement more detailed than that submitted with the Proposal, addressing all aspects of work 
and outlining the overall safety, health and environmental aspects, access, access to third 
parties, logistics, storage areas, security measures. The Method Statement shall be exhaustive 
and shall cover all major components of execution. Include in the Method Statement a 
description of the management and implementation methods for the engineering, 
procurement, transportation, installation, testing and commissioning of all major materials 
and equipment. Identify any specific coordination/interface requirements with other 
contractors’ work. Give a description of all temporary construction requirements including a 
detailed location of the construction plant, equipment capacities, clearances, etc. 
supplemented by relevant sketches. 


REPORTS AND DASHBOARDS 


Daily Construction Reports: Prepare a daily construction report recording the following 
information concerning events at the Project site: 


List of subcontractors at Project site. 

List of separate contractors at the Project site. 

Approximate count of personnel at the Project site. 

Equipment at Project site. 

Material deliveries. 

Weather record: High and low temperatures and general weather conditions, including 

the presence of rain or snow. 

7. Summary of completed activities for the previous day 

8. Ongoing activities continuing today with the quantities achieved today and 
cumulatively 

9. Activities started today 

10. Activities scheduled for the next day 

11. Visitors Log 


Du ON 
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12. Accidents log. 

13. Meetings and significant decisions. 

14. Unusual events (refer to special reports). 

15. Stoppages, delays, shortages, and losses. 

16. Meter readings and similar recordings. 

17. Emergency procedures. 

18. Orders and requests of authorities having jurisdiction. 
19. Change Orders received and implemented. 

20. Site Instructions received. 

21. Engineer’s Inspections. 

22. Services connected and disconnected. 

23. Equipment or system tests and startups (if applicable). 
24. Partial completions and occupancies. 

25. Substantial Completions authorized. 

26. Problems encountered 

27. Any other general or specific information, requested by the Engineer to be reported. 


B. Weekly Reports and Dashboards: The Contractor shall prepare weekly reports and 
dashboards, and submit to the Employer / Engineer or others with delegated authority on the 
designated day of each week as decided by the Employer / Engineer or others with delegated 
authority. Generally, the submission of weekly reports and dashboards shall be two days prior 
to the day of the progress meetings. The cut-off date of data date for this report shall be the 
Friday of the previous week. The weekly report shall consist as a minimum the following: 


Updates of actual progress information 

Actual utilization of manpower with manpower histogram 

Construction equipment 

Status of submissions 

Material procurement/delivery status 

Updated status and list of claims, variation orders and site instructions 

Safety record and statistics 

Quality Control statistics (i.e. Non Conformance Report NCR, Request for Inspection 

RFI Report) 

Weather record summary 

0. Update on problems encountered, problems foreseen, delays and measures to overcome 
delays 

11. Other documents as required by the Engineer from time to time 


00" SV ONS OS GON E T 


— \O 


C. Monthly Progress Reports: Prepare and submit monthly progress reports, summarizing 
activities, achievements, advancements and significant events at the Project site in the month 
preceding, and reporting the current progress status of Work; including but not necessarily 
limited to the following: 


1. Executive Summary: detailing the planned versus actual progress, defining problem 
areas, risk items, anticipated delays and impact on the schedule. Provide delay analysis 
and the corrective action needed to recover the situation. 


2: Summary of the information included in Daily Construction Reports for the month. 
3. Summary of the information included in Material Location Reports for the month. 
4. Latest update Submittals Schedule: Engineering Status, reports for Submittals overdue, 


held and rejected and Correspondence action log especially those requiring the 
Engineer’s action or others. Same for Material procurement status. 

5 Progress Review Statement: Refer to the latest Update Contractor's Construction 
Programme; include: 
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a. Listing of all current month programmed activities and report whether each is 
on time, ahead of schedule or behind schedule in relation to the original 
Contractor's Construction Programme. 


b. On-going comparative line plot of Cash Flow Estimate against Interim Payment 
Certificates. 
c. Description of means, methods and actions to be taken in the following month 


to expedite construction behind schedule and ensure current and subsequent 
activities will be completed within Time for Completion. 


6. Status of Instructions/Information Requests: An updated list of RFI (Request for 
Information), NOV (Notice of Variation), EI (Engineer’s Instruction), NCR (Non - 
Conformance Reports), indicating their status. 

7. Updated Resource Charts (distribution curve and histogram) 

8. Updated status and list of Claims, Variation Orders and Site Instructions/Memo 

9 Progress S-Curve (Planned/forecast against actual progress of works) 

10. Primavera report showing activities planned for 90 days Look Ahead of Baseline 
Schedule, Updated Work Schedules and Recovery Schedule 

11. Primavera Report for Earned Value 

12. Primavera Schedule Reports for critical path, analysis and actions required to recover 
delay including updates on claims for Extension of Time submitted and approved. 

13. Updated Manpower Loaded Schedule (including Histogram & ‘S’ curve): The 
Manpower Loaded Schedule included with the approved Schedule of Works shall be 
updated with actually expanded manpower and detailed with forecast manpower to be 
utilized. The Manpower Histogram shall be updated every week to compare and reflect 
the actual manpower at the site. The histogram and ‘S’ curve shall show actual and 
forecast against planned. 

14. Progress Photos: The Contractor shall note the requirements contained elsewhere in 
this Section. 

15. Health and Safety Records and statistics. 

16. Any other general or specific information, requested by the Engineer to be reported. 


D. Material Location Reports: At weekly intervals, prepare and submit a comprehensive list of 
materials delivered to and stored at the Project site. List shall be cumulative, showing 
materials previously reported plus items recently delivered. Include with the list a statement 
of progress on and delivery dates for materials or items of equipment fabricated or stored 
away from the Project site. 


E. Field Condition Reports: Immediately upon discovery of a difference between field 
conditions and the Contract Documents, prepare and submit a detailed report. Submit with a 
Request for Information. Include a detailed description of the differing conditions, together 
with recommendations for changing the Contract Documents. 


F. Accident Reports: On the occurrence of any accident which causes personal injury, or damage 
to the Works or any other property, prepare a detailed accident report and submit it directly 
to the Engineer within one day of the occurrence. Include details of date and time, location, 
prevailing conditions, a chain of events and causes leading up to the accident, persons 
involved, the response by the Contractor's personnel and result or effect of the accident. 
Obtain and attach witness statements, photographs and sketches as applicable. 


1. On the occurrence of an accident or event which causes serious injury to any person, 
summon emergency services, notify appropriate authorities and inform the Engineer 
immediately. 
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2.5 


2.6 


G. 


A. 


B. 


A. 


The Project Risks: should be reported at the Project level on a monthly basis and should 
include at a minimum: 


1. Risk Register 


a. Top 10 Risks (Scoring and Status). 
b. Top 10 Issues (Scoring and Status). 


2: QSRA Results and required mitigation actions. 


SPECIAL REPORTS 


General: Submit special reports directly to the Employer within one day(s) of an occurrence. 
Distribute copies of the report to parties affected by the occurrence. 

Reporting Unusual Events: When an event of an unusual and significant nature occurs at the 
Project site, whether or not related directly to the Work, prepare and submit a special report. 
List chain of events, persons participating, a response by the Contractor's personnel, 
evaluation of results or effects, and similar pertinent information. Advise Employer in 
advance when these events are known or predictable. 


WAGE BOOK AND TIME SHEET RECORDS 


Wage Books and Time Sheets: Keep and maintain accurate and proper wage books and time 
sheets of wages paid to and time worked by all workmen employed by the Contractor and 
subcontractors at the Project site. Comply with regulations and requirements, if any, of 
authorities having jurisdiction. Store wage books and time sheets in the field office and make 
them available for Engineer inspection and reference during normal working hours. If 
requested, produce and submit photocopies to Engineer. 


PART 3 - EXECUTION 


3.1 CONTRACTOR'S CONSTRUCTION SCHEDULE 

A. Scheduling Consultant: Engage a consultant to provide planning, evaluation, and reporting 
using CPM scheduling. 

1. In-House Option: Employer may waive the requirement to retain a consultant if 
Contractor employs skilled personnel with experience in CPM scheduling and 
reporting techniques. Submit qualifications. 

2. Meetings: Scheduling consultant shall attend all meetings related to Project progress, 
alleged delays, and time impact. 

B. Contractor's Construction Schedule Updating: At weekly intervals, update the schedule to 
reflect actual construction progress and activities. Issue schedule two days before each 
regularly scheduled progress meeting. 

1. The Contractor shall organize a joint progress measurement and inspection with the 
Engineer to verify the actual start/finish dates and completed percentage of each 
activity in the Baseline Schedule and shall be updated in Primavera every week or at 
any other frequency required by the Engineer. 
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2. Revise schedule immediately after each meeting or other activity where revisions have 
been recognized or made. Issue updated schedule concurrently with the report of each 
such meeting. 

3. For completed Activities — Enter Actual Start and Actual Finish Dates, Actual 
Quantities and Actual Expenses 

4. For Activities in progress — Update Actual Start Dates, Forecast Completion Dates, 
Expense %, Actual Quantities, Actual Resources and Physical % 

5. Actual Physical Progress for the activity should be equal to Expenses % 

6. Expense (Cost) Update — update % complete (as approved by the Engineer) for each 
Cost Account for activities. This information will be used for generating the 
Contractor’s Progress Payment Request. 


ve Include a report with an updated schedule that indicates every change, including, but 
not limited to, changes in logic, durations, actual starts and finishes, and activity 
durations. 


8. Each Updated Schedule shall be submitted to the Engineer for its acceptance as a 
record. It is possible (if the works have been delayed) that these Updated Schedules 
will show completion later than the contract completion dates. In this event, the 
Engineer’s acceptance of such schedules will not constitute acceptance of the delay(s) 

9. The Contractor is deemed to provide the Engineer with detailed pricing and 
breakdowns of all activities (if required) for the updating purposes. Any missing 
information/details shall be as per the interpretation of the Engineer. 


C. Revision and Extension of Time: Once the Engineer gives the consent on the Baseline the 
Contractor shall not revise the Activity Duration(s) or Network Logic of the Baseline 
Schedule without written approval. 


1. The Baseline Schedule may be changed and/or an Extension of Time may be granted 
when one or more of the following occurs and shall be reviewed and approved by the 
Engineer: 


a. A Variation Order that significantly affects the duration/dates of completion or 
sequence of work and construction methodology 

b. The Engineer or the Employer (or Change Board, whichever applies) directs in 
writing a change that affects the milestone date(s) specified in the Contract 
and/or alters the length of the critical path 


2: In the event of the occurrence of one of the above, the Contractor may submit a request 
for an Extension of Time and/or Revision of the Project Work Schedule. The submittal 
shall indicate changes required to the Contract completion date, proposed revised logic 
network and shall be accompanied by a narrative description and justification for the 
change. 

3. Once consented the revised schedule shall be used as the Revised Baseline Schedule 
and the updates thereafter will be based on this aforementioned schedule. 


D. Recovery Schedule: 


1. When periodic update indicates the Work is 21 or more calendar days behind the 
current approved schedule, meaning in the event of substantial schedule slippage or out 
of the sequence of works relative to the consented Baseline Schedule, submit when 
necessary and as required by the Engineer, a separate recovery schedule indicating 
means by which Contractor intends to regain compliance with the schedule. The 
Recovery Schedule shall identify which activities and milestones are affected and 
demonstrate how the Contractor plans to recover his present delays and shall also 
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indicate changes to working hours, working days, crew sizes, and equipment required 
to achieve compliance, and date by which recovery will be accomplished. 

2: Recovery Schedule shall be strictly for the purpose of demonstrating to the Engineer 
how the Contractor plans to bring progress back to that projected in the consented 
Baseline Schedule. It shall also serve to allow the Engineer to monitor the Progress of 
the Contractor’s recovery plan. 

3. As the Recovery Schedule does not constitute an accepted revised baseline, the 
Contractor shall continue to report his progress against the consented baseline schedule. 
The Contractor shall also update the Engineer on the progress of his recovery against 
the recovery schedule. 


E. Distribution: Distribute copies of the approved schedule to the Engineer/Employer, separate 
contractors, testing and inspecting agencies, and other parties identified by the Contractor 
with a need-to-know schedule responsibility. 


1. Post copies in Project meeting rooms and temporary field offices. 
When revisions are made, distribute updated schedules and any reports to the same 
parties and post them in the same locations. Delete parties from distribution when they 
have completed their assigned portion of the Work and are no longer involved in the 
performance of construction activities. 

3. All submissions shall be made in there (3) paper color copies and one (1) set in 
electronic file format (CD or other), except otherwise specified by the Engineer. The 
hard copies shall be reproducible from the electronic file copy submitted. 


F. Non-Compliance: 


1. If the Contractor fails to assign a project control team and provide incremental licenses 
for running the project management system, the Engineer has the right to assign a 
project management contractor to apply the project management system for the cost to 
be deducted from the Contractor. 

2. If the Contractor fails to submit a Baseline Schedule within the duration set in the 
Contract after acceptance of the Proposal or the Baseline Schedule or Revised Schedule 
is not consented or approved by the Engineer within one (1) month after the first 
submission or the Updated/Revised Schedule within the time prescribed due to the 
reasons attributed to the Contractor, then the Engineer shall deduct retention of Five 
Percent (5%) of the Contractor’s Progress Payment over and above the % Performance 
Retention Sum until such time that the Contractor has provided submissions that are 
acceptable to the Engineer. 


END OF SECTION 013200 
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SECTION 013233 - PHOTOGRAPHIC DOCUMENTATION 
PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 
A. Drawings and general provisions of the Contract, including General and Supplementary 


Conditions and other Specification Sections, apply to this Section. 


1.2 SUMMARY 


A. Section includes administrative and procedural requirements for the following: 
1. Preconstruction photographs. 
2. Periodic construction photographs. 
3. Final completion construction photographs. 
4. Preconstruction video recordings/DVDs. 
5. Periodic construction video recordings/DVD. 
6. Web-based construction photographic documentation. 
T Demonstration and training videotapes/DV Ds 


B. Related Sections: 


1. Division 01 Section "Submittal Procedures" for submitting photographic 
documentation. 

2. Division 01 Section "Closeout Procedures" for submitting photographic documentation 
as project record documents at Project closeout. 

3: Division 01 Section "Demonstration and Training" for submitting video recordings of 
demonstration of equipment and training of Employer's personnel. 

4. Division 02 Section "Structure Demolition" for photographic documentation before 
building demolition operations commence. 

5. Division 02 Section "Selective Structure Demolition" for photographic documentation 
before selective demolition operations commence. 

6. Division 31 Section "Site Clearing" for photographic documentation before site 


clearing operations commence. 


1.3 INFORMATIONAL SUBMITTALS 


A. Key Plan: Submit a key plan of the Project site with the notation of vantage points marked 
for location and direction of each photograph or videotape/DVD Indicate elevation of 
construction. Include the same information as the corresponding set of photographs 
videotape/DVD. 


B. Digital Photographs: Submit image files within 3 days of taking photographs. 


1. Digital Camera: Minimum sensor resolution of 8 megapixels. 
Format: Minimum 1600 by 1200 pixels, 400 dpi minimum, in unaltered original files, 
with the same aspect ratio as the sensor, uncropped, date- and time-stamped, in a folder 
named by the date of the photograph, accompanied by key plan file. 
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3. Identification: Provide the following information with each image description in the 
file metadata tag: 


a. Name of Project. 
b. Name of Engineer. 
c. Name of Contractor. 
d. Date photograph was taken. 
e. Description of vantage point, indicating location, direction (by compass point), 
and elevation or story of construction. 
f. Unique sequential identifier keyed to accompanying key plan. 
Ç: Video Recordings/DVDs: Submit two copies of each videotape/DVD within five days of 
recording. 
1. Submit video recordings in digital video disc format acceptable to Engineer and by 
posting to project Web site as directed by the Engineer. 
2: Identification: On each copy provide an applied label with the following information: 
a. Name of Project. 
b. Name of and Engineer. 
c. Name of Contractor. 
d. Date video recording was recorded. 
e. Description of vantage point, indicating location, direction (by compass point), 
and elevation or story of construction. 
f. Weather conditions at the time of recording. 


3. Transcript: Prepared on A4 paper, punched and bound in heavy-duty, ring, vinyl- 
covered binders. Mark appropriate identification on the front and spine of each binder. 
Include a cover sheet with same label information as the corresponding video recording 
tape/DVD. Include the name of the Project and the date of the video recording 
tape/DVD on each page. 


D. Web-Based Photographic Documentation: Submit time-lapse sequence video recordings 
simultaneously with recording. 


1. Submit time-lapse sequence video recordings by posting to the project Website location 
shall be advised and monthly on digital video disc/DVDs 
2: Identification: For each recording, provide the following information: 
a. Name of Project. 
b. Name of Engineer 
c. Name of Contractor. 
d. Date(s) and time(s) video recording was recorded. 
e. Description of vantage point, indicating location, direction (by compass point), 


and elevation of construction. 
Weather conditions at the time of recording. 


h 


1.4 QUALITY ASSURANCE 


A. Web-Based Photographic Documentation Service Provider: A firm specializing in providing 
photographic equipment, Web-based software, and related services for construction projects, 
with a record of providing satisfactory services similar to those required for the Project. 
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1.5 


A. 


1.6 


A. 


COORDINATION 

Auxiliary Services: Cooperate with the photographer and provide auxiliary services 
requested, including access to the Project site and use of temporary facilities, including 
temporary lighting required to produce clear, well-lit photographs. 


USAGE RIGHTS 


Obtain and transfer copyright usage rights from photographer to Employer for unlimited 
reproduction of photographic documentation. 


PART 2 - PRODUCTS 


2.1 


A. 


B. 


PHOTOGRAPHIC MEDIA 


Digital Images: Provide images in JPG format, produced by a digital camera with a minimum 
sensor size of 8 megapixels, and at an image resolution of not less than 1600 by 1200pixels 
and 400 dpi. 


Digital Video Recordings: Provide high-resolution, digital color videotape in full size disc in 
a format acceptable to the Engineer. 


PART 3 - EXECUTION 


3.1 


A. 


B. 


C. 


CONSTRUCTION PHOTOGRAPHS 


General: Take photographs using the maximum range of depth of field, and that are in focus, 
to clearly show the Work. Photographs with blurry or out-of-focus areas will not be accepted. 


1. Maintain a key plan with each set of construction photographs that identify each 
photographic location. 


Digital Images: Submit digital images exactly as originally recorded in the digital camera, 
without alteration, manipulation, editing, or modifications using image-editing software. 


1. Date and Time: Include the date and time in a file name for each image. 
Field Office Images: Maintain one set of images accessible in the field office at the 
Project site, available at all times for reference. Identify images in the same manner as 
those submitted to Engineer. 


Preconstruction Photographs: Before starting construction, take photographs of the Site and 
surrounding properties, including existing items to remain during construction, from different 
vantage points, as directed by the Engineer. 


1. Take additional photographs as required to record in sufficient number and detail to: 


a. Show conditions of existing buildings, structures, site improvements and 
features on and/or adjacent to the Site, accurately recording any physical 
condition, that might otherwise be misconstrued as damage caused by 
subsequent demolition or construction operations. 
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3:2 


b. Show conditions of existing buildings, structures, assemblies, features or other 
components scheduled for selective demolition or dismantling, accurately 
recording physical condition, for subsequent reconstruction, restoration or 
rehabilitation 


Periodic Construction Photographs: Take sufficient photographs as directed by the Engineer 
monthly, to coincide with the cutoff date associated with each Application for Payment. 
Select vantage points to show the status of construction and progress since the last 
photographs were taken. 


Time-Lapse Sequence Construction Photographs: Take 24 photographs or as indicated by the 
Engineer, to show the status of construction and progress since the last photographs were 
taken. 


1. Frequency: Take photographs monthly adjusted to coincide with the cutoff date 
associated with each Application for Payment. 

2. Vantage Points: Following suggestions the Engineer and the Contractor, the 
photographer to select vantage points. During each of the following construction 
phases, take not less than two of the required shots from the same vantage point each 
time to create a time-lapse sequence as follows: 


a. Commencement of the Work, through completion of subgrade construction. 
b. Above-grade structural framing. 


Final Completion Construction Photographs: Take minimum of 72 photographs after the date 
of Substantial Completion for submission as project record documents. The Engineer will 
inform the photographer of desired vantage points. 


Additional Photographs: The Engineer may request photographs in addition to periodic 
photographs specified. Additional photographs will not be paid for by Change Order and are 
deemed included in the Contract Sum 


1. Three days’ notice will be given, where feasible. 
In emergency situations, take additional photographs within 24 hours of the request. 
3. Circumstances that could require additional photographs include, but are not limited 


to, the following: 


a. Special events planned at the Project site. 

b. Immediate follow-up when on-site events result in construction damage or 
losses. 

Photographs to be taken at fabrication locations away from the Project site. 
Substantial Completion of a major phase or component of the Work. 

Extra record photographs at the time of Taking-Over. 

Employer’s request for special publicity photographs. 


moan 


CONSTRUCTION VIDEO RECORDINGS/DVD 


Video Recording /DVD Photographer: Engage a qualified videographer to record 
construction video recordings/DVDs. 


Recording: Mount the camera on the tripod before starting recording, unless otherwise 
necessary to show the area of construction. Display continuous running time and date. At 


PHOTOGRAPHIC DOCUMENTATION 013233 - Page 4 of 5 
P21161/4309-04-TD-SPC-15A-PMC-01 REV 0 


RFP — Karachi Mobility Project (Yellow BRT) — PK-SMTA-334960-CW-RFP 
Procurement of Package - 4: NEW JAM SADIQ BRIDGE (Yellow Corridor Segment 3) 
Volume (2): Part (B) Specifications (1 of 2) - 013233 - Photographic Documentation 


3.3 


the start of each video recording/DVD, record weather conditions from the local newspaper 
or television and the actual temperature reading at the Project site. 


Preconstruction Video Recording/DVD: Before starting construction/DVD, record a video 
recording of the Site and surrounding properties from different vantage points, as directed by 
the Engineer. 


1. Show conditions of existing buildings, structures, site improvements and features on 
and/or adjacent to the Site, accurately recording any physical condition, that might 
otherwise be misconstrued as damage caused by subsequent demolition or construction 
operations. 

2. Show conditions of existing buildings, structures, assemblies, features or other 
components scheduled for selective demolition or dismantling, accurately recording 
physical condition, for subsequent reconstruction, restoration or rehabilitation. 


Periodic Construction Video Recordings/DVD: Record video recording monthly, adjusted to 
coincide with the cutoff date associated with each Application for Payment. Select vantage 
points to show the status of construction and progress since the last video recordings /DVDs 
were recorded. Minimum recording time shall be 45 minutes(s). 


Demonstration and Training Videotapes/DVDs: Record instruction of the Employer's 
personnel in the operation and maintenance of equipment and systems. Edit videotape/DVD 
to remove non-instructional conversation. Photographer shall select vantage points to best 
show the equipment, systems, and procedures demonstrated. Minimum recording time, 
unless otherwise indicated or directed, shall be sixteen hours. 


WEB-BASED CONSTRUCTION PHOTOGRAPHIC DOCUMENTATION 


Live Streaming Construction Site Images: Provide Web-accessible image of current site 
image from viewer-controlled location camera(s), updated at 30 minutes 


Maintain cameras and Web-based access in good working order in accordance with Web- 
based construction photographic documentation service provider's written instructions until 
final completion. Provide for service of cameras and related networking devices and software. 


END OF SECTION 013233 
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SECTION 013300 - SUBMITTAL PROCEDURES 


PART 1 - GENERAL 


1.1 


1.2 


1.3 


A. 


RELATED DOCUMENTS 


Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Specification Sections, apply to this Section. 


SUMMARY 


Section includes requirements for the submittal schedule and administrative and procedural 
requirements for submitting Shop Drawings, Product Data, Samples, and other submittals. 


Related Sections: 


1. Division 01 Section "Project Management and Coordination" for submitting 
Coordination Drawings 

2. Division 01 Section "Construction Progress Documentation” for submitting schedules 
and reports, including the Contractor's construction schedule and construction 
photographs. 

3. Division 01 Section "Quality Requirements" for submitting test and inspection reports 
and Delegated-Design Submittals and for erecting mockups 

4. Division 01 Section "Operation and Maintenance Data" for submitting operation and 
maintenance manuals. 

5; Division 01 Section "Project Record Documents" for submitting record Drawings, 
record Specifications, and record Product Data. 

6. Division 01 Section "Closeout Procedures" for submitting warranties project record 
documents and operation and maintenance manuals 

7. Division 01 Section "Demonstration and Training" for submitting video recordings of 
demonstration of equipment and training of Employer's personnel. 

8. Specification Sections in addition to Division 1 for specific submittal requirements 


DEFINITIONS 


Action Submittals: Written and graphic information and physical samples that require 
Engineer's responsive action. Action submittals are those submittals indicated in individual 
Specification Sections as action submittals. 


Informational Submittals: Written and graphic information and physical samples that do not 
require Engineer's responsive action. Submittals may be rejected for not complying with 
requirements. Informational submittals are those submittals indicated in individual 
Specification Sections as informational submittals. 


File Transfer Protocol (FTP): Communications protocol that enables the transfer of files to 
and from another computer over a network and that serves as the basis for standard Internet 
protocols. An FTP site is a portion of a network located outside of network firewalls within 
which internal and external users are able to access files. 
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D. Portable Document Format (PDF): An open standard file format licensed by Adobe Systems 
used for representing documents in a device-independent and display resolution-independent 
fixed-layout document format. 


1.4 ACTION SUBMITTALS 


A. Submittal Schedule: Submit a schedule of submittals, arranged in chronological order by 
dates required by the construction schedule. Include time required for review, ordering, 
manufacturing, fabrication, and delivery when establishing dates. Include additional time 
required for making corrections or modifications to submittals noted by the Engineer and 
additional time for handling and reviewing submittals required by those corrections. 


1. Coordinate submittal schedule with list of subcontracts, the schedule of values, and 
Contractor's construction schedule. 
2: Initial Submittal: Submit concurrently with the start-up construction schedule. Include 


submittals required during the first 90 days of construction. List those submittals 
required to maintain orderly progress of the Work and those required early because of 
long lead time for manufacture or fabrication. 

3. Final Submittal: Submit concurrently with the first complete submittal of the 
Contractor's construction schedule. 


a. Submit revised submittal schedule to reflect changes in current status and timing 
for submittals. 


4. Format: Arrange the following information in a tabular format: 


Scheduled date for the first submittal. 

Specification Section number and title. 

Submittal category: Action, informational. 

Name of subcontractor. 

Description of the Work covered. 

Scheduled date for the Engineer's final release or approval. 
Scheduled dates for purchasing. 

Scheduled dates for installation. 

Activity or event number. 


roo ho AO Ff 


1.5 SUBMITTAL ADMINISTRATIVE REQUIREMENTS 


A. Digital Data Files: Electronic copies of CAD Drawings of the Contract Drawings will not be 
provided by the Engineer for the Contractor's use in preparing submittals. 


B. Coordination: Coordinate preparation and processing of submittals with the performance of 
construction activities. 


1. Coordinate each submittal with fabrication, purchasing, testing, delivery, other 
submittals, and related activities that require sequential activity. 

2. Submit all submittal items required for each Specification Section concurrently unless 
partial submittals for portions of the Work are indicated on the approved submittal 
schedule. 

3. Submit action submittals and informational submittals required by the same 


Specification Section as separate packages under separate transmittals. 
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4. Coordinate transmittal of different types of submittals for related parts of the Work so 
processing will not be delayed because of the need to review submittals concurrently 
for coordination. 


a. The Engineer reserve the right to withhold action on a submittal requiring 
coordination with other submittals until related submittals are received. 


C. Processing Time: Allow time for submittal review, including time for resubmittals, as 
follows. Time for review shall commence on the Engineer 's receipt of submittal. No 
extension of the Contract Time will be authorized because of failure to transmit submittals 
enough in advance of the Work to permit processing, including resubmittals. 


1. Initial Review: Allow 21 days for the initial review of each submittal. Allow additional 
time if coordination with subsequent submittals is required Engineer will advise the 
Contractor when a submittal being processed must be delayed for coordination. 


2: Intermediate Review: If the intermediate submittal is necessary, process it in the same 
manner as the initial submittal. 

3. Resubmittal Review: Allow 14 days for review of each resubmittal. 

4. Concurrent Consultant Review: Where the Contract Documents indicate that 


submittals may be transmitted simultaneously to sub-consultants, allow 42 days for 
review of each submittal. 

5; No extension of the Time for Completion will be authorized because of the Contractor's 
failure to transmit submittals to the Engineer sufficiently in advance of the concerned 
operations to permit processing, and resubmittal if necessary 


D. Identification and Information: Place a permanent label or title block on each paper copy 
submittal item for identification. 


1. Indicate the name of the firm or entity that prepared each submittal on the label or title 
block. 

2. Provide a space approximately 150 by 200 mm on the label or beside the title block to 
record the Contractor's review and approval markings and action taken by Engineer. 

3. Include the following information for processing and recording action taken: 


Project name. 

Date. 

Name and address of the Engineer. 

Name and address of the Contractor. 

Name and address of the subcontractor. 

Name and address of the supplier. 

Name and address of the manufacturer. 

Submittal number or other unique identifier, including revision identifier. 


Daa moa 


1) Submittal number shall use Specification Section number followed by a 
decimal point and then a sequential number (e.g., 061000.01). 
Resubmittals shall include an alphabetic suffix after another decimal point 
(e.g., 061000.01.A) or as agreed upon with the Engineer. 


Number and title of appropriate Specification Section. 
Drawing number and detail references, as appropriate. 
Location(s) where a product is to be installed, as appropriate. 
Other necessary identification. 


ae rae 
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E. Identification and Information: Identify and incorporate the information in each electronic 
submittal file as follows: 


1. Assemble the complete submittal package into a single indexed file with links enabling 
navigation to each item. 

2. Name the file with submittal number or other unique identifier, including the revision 
identifier. 
a. File name shall use the project identifier and Specification Section number 


followed by a decimal point and then a sequential number (e.g., LNHS- 
061000.01). Resubmittals shall include an alphabetic suffix after another 
decimal point (e.g., LNHS-061000.01.A). or as agreed upon with the Engineer 


3. Provide means for insertion to permanently record Contractor's review and approval 
markings and action taken by Engineer. 
4. Include the following information on an inserted cover sheet: 
a. Project name. 
b. Date. 
Cc. Name of the Engineer. 
d. Name of the Contractor. 
e. Name of the firm or entity that prepared submittal. 
f. Name of the subcontractor. 
g. Name of the supplier. 
h. Name of the manufacturer. 
i. Number and title of appropriate Specification Section. 
j. Drawing number and detail references, as appropriate. 
k. Location(s) where a product is to be installed, as appropriate. 
1. Related physical samples submitted directly. 
m. Other necessary identification. 
5. Include the following information as keywords in the electronic file metadata: 
a. Project name. 
b. Number and title of appropriate Specification Section. 
c. Manufacturer name. 
d. Product name. 
e. Insert additional required information. 


F. Options: Identify options requiring selection by the Engineer. 


G. Deviations: Highlight, encircle, or otherwise indicate and identify on submittals deviations 
from the Contract Documents. 


H. Additional Paper Copies: Unless additional copies are required for final submittal, and unless 
Engineer observes noncompliance with provisions in the Contract Documents, initial 
submittal may serve as a final submittal. 


1. For submittals requiring concurrent review, submit one extra copy in addition to the 
specified number of copies to the Engineer. 
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I. Transmittal: Assemble each submittal individually and appropriately for transmittal and 
handling. Transmit each submittal using a transmittal form. attached to a cover letter. The 
Engineer will discard, without review, submittals received from sources other than the 
Contractor. 


1. Cover Letter: On attached, numbered, separate sheet(s), prepared on the Contractor's 
letterhead, record relevant information, requests for data, revisions other than those 
requested by the Engineer on previous submittals, and deviations from requirements of 
the Contract Documents, including minor variations and limitations. Include the same 
label information as the related submittal. 


a. Include the Contractor's certification stating that the information submitted 
complies with the requirements of the Contract Documents. 


2. Transmittal Form: Use a form acceptable to and approved by the Engineer Provide 
locations on form for the following information: 
3. Transmittal Form: Provide locations on the form for the following information: 
a. Contract name. 
b. The Employer’s name. 
c. Date. 
d. Destination (To:). 
e. Source (From:). 
f. Names of the subcontractor, manufacturer, and supplier. 
g. Category and type of submittal. 
h. Submittal purpose and description. 
i. Specification Section number and title. 
j. Indication of full or partial submittal. 
k. Drawing number and detail references, as appropriate. 
l. Submittal and transmittal distribution record. 
m. Remarks. 
n. Signature of the transmitter. 
J. Resubmittals: Make resubmittals in the same form and number of copies as the initial 
submittal. 
1. Note the date and content of the previous submittal. 
2 Note the date and content of revision in the label or title block and clearly indicate 


extent of revision. 
3. Resubmit submittals until they are marked with approval notation from the Engineer's 
action stamp. 


K. Distribution: Furnish copies of final submittals to manufacturers, subcontractors, suppliers, 
fabricators, installers, authorities having jurisdiction, and others as necessary for the 
performance of construction activities. Show distribution on transmittal forms. 


L. Use for Construction: Use only final submittals that are marked with approval notation from 
the Engineer's action stamp. 
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PART 2 - PRODUCTS 


2.1 SUBMITTAL PROCEDURES 


A. General Submittal Procedure Requirements: Prepare and submit submittals required by 
individual Specification Sections. Types of submittals are indicated in individual 
Specification Sections. 


1. 


Post electronic submittals as PDF electronic files directly to the Project Website 
specifically established for Project. 


a. The Engineer will return annotated file. Annotate and retain one copy of the 
file as an electronic Project record document file. 


Submit electronic submittals PDF electronic files.on CD-ROM or USB as agreed with 
the Engineer. 

Number of Copies: Submit copies of each submittal, as follows, unless otherwise 
indicated: 

Initial Submittal: Submit two copies of each submittal where a selection of options, 
colour, pattern, texture, or similar characteristics is required. The Engineer will return 
the submittal with the options selected. 

Action Submittals: Submit four paper copies of each submittal, unless otherwise 
indicated Submit additional copies where copies are required for operation and 
maintenance manuals. The Engineer will retain two copies; the remainder will be 
returned. Mark up and retain one returned copy as a Record (As-Built) Document. 
Informational Submittals: Submit two paper copies of each submittal, unless otherwise 
indicated. The Engineer will not return copies. 

Closeout Submittals and Maintenance Material Submittals: Comply with requirements 
specified in Division 01 Section "Closeout Procedures." 

Certificates and Certifications Submittals: Provide a statement that includes the 
signature of the entity responsible for preparing certification. Certificates and 
certifications shall be signed by an officer or other individual authorized to sign 
documents on behalf of that entity. 


a. Provide a digital signature with the digital certificate on electronically-submitted 
certificates and certifications where indicated. 

b. Provide a notarized statement on original paper copy certificates and 
certifications where indicated. 


Test and Inspection Reports Submittals: Comply with requirements specified in 
Division 01 Section "Quality Requirements." 


B. Product Data: Collect information into a single submittal for each element of construction 
and type of product or equipment. 


1. Provide only copies of original manufacturer published or printed product information, 
catalogues, data, colour charts and the like. 

Di If information must be specially prepared for submittal because standard published data 
are not suitable for use, submit as Shop Drawings, not as Product Data. 

3. Mark each copy of each submittal to show which products and options are applicable. 

4. Include the following information, as applicable: 
a. Manufacturer's written recommendations. 
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s 


Manufacturer's catalog cuts. original publication or digitally-scanned electronic 
copy in JPEG format. 

Manufacturer's product specifications. 

Manufacturer's installation instructions. 

Standard color charts. 

Statement of compliance with specified referenced standards. 

Testing by a recognized testing agency. 

Application of testing agency labels and seals. 

Notation of coordination requirements. 

Availability and delivery time information. 


Sor pga ho ao 


5: For equipment, include the following in addition to the above, as applicable: 


Wiring diagrams showing factory-installed wiring. 
Printed performance curves. 

Operational range diagrams. 

Mill reports. 

Standard product operating and maintenance manuals. 
Compliance with recognized trade association standards. 
Compliance with recognized testing agency standards. 
Application of testing agency labels and seals. 

Notation of coordination requirements. 

Clearances required to other construction, if not indicated on accompanying 
Shop Drawings. 


rpg hoe ao oe 


6. Submit Product Data before or concurrent with Samples. 
7. Submit Product Data in the following format: 


a. One PDF electronic file. 
b. four paper copies of Product Data, unless otherwise indicated. The Engineer will 
return two copies. 


C. Shop Drawings: Prepare Project-specific information, drawn accurately to scale. Do not base 
Shop Drawings on reproductions of the Contract Documents or standard printed data. 


1. Preparation: Fully illustrate requirements in the Contract Documents. Include the 
following information, as applicable: 


Dimensions; in SI units unless otherwise indicated or directed. 
Identification of products. 

Fabrication and installation drawings. 

Roughing-in and setting diagrams. 

Wiring diagrams showing field-installed wiring, including power, signal, and 
control wiring. 

Shopwork manufacturing instructions. 

Templates and patterns 

Schedules. 

Design calculations. 

Compliance with specified standards. 

Notation of coordination requirements. 

Notation of dimensions established by field measurement. 

Relationship and attachment to adjoining construction clearly indicated. 
Seal and signature of professional Engineer if specified. 


oa E S 
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Wiring Diagrams: Differentiate between manufacturer-installed and field-installed 
wiring. 


Sheet Size: Except for templates, patterns, and similar full-size drawings, submit Shop 
Drawings on sheets at least A4 size, and no larger than AO size, unless otherwise 
approved. 


Number of Copies: Submit copies of each submittal, as follows: 


a. Initial Submittal: Submit four black-line or colour prints. The Engineer will 
return one print. 

b. Final Submittal: Submit four black-line or colour prints, unless otherwise 
indicated. Submit additional prints where prints are required for operation and 
maintenance manuals. The Engineer will retain three prints; the remainder will 
be returned. Mark up and retain one returned print as a Record (As-Built) 
Drawing. 


D. Coordination Drawings: Comply with requirements in Section "Project Management and 
Coordination" and "Summary of Multiple Contracts 


E. Samples: Submit Samples for review of the kind, color, pattern, and texture for a check of 
these characteristics with other elements and for a comparison of these characteristics between 
submittal and actual components as delivered and installed. 


1. Transmit Samples that contain multiple, related components such as accessories 
together in one submittal package. 

2. Identification: Attach label on the unexposed side of Samples that includes the 
following: 

a. Generic description of Sample. 

b. Product name and name of the manufacturer. 

c. Sample source. 

d. Number and title of applicable Specification Section. 

3. Disposition: Maintain sets of approved Samples in field offices at the Project site, in a 
secure, lockable store room, provided and equipped specifically for that purpose. Make 
available for the the Engineer 's reference during normal working hours, for quality- 
control comparisons throughout the course of construction activity. Sample sets may 
be used to determine the final acceptance of construction associated with each set. 

a. Samples that may be incorporated into the Work are indicated in individual 
Specification Sections. Indicate such as special requests on transmittal and 
obtain approval for disposition in the Works Such Samples must be in an 
undamaged condition at the time of use. 

b. Samples not incorporated into the Work, or otherwise designated as the 
Employer’s property, are the property of the Contractor. 

4. Prepare physical units of materials or products Comply with requirements in 
Section "Quality Requirements" for mockups 

5. Samples for Initial Selection: Submit manufacturer's color charts consisting of units or 
sections of units showing the full range of colors, textures, and patterns available. 
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a. Number of Samples: Submit two full set(s) of available choices where color, 
pattern, texture, or similar characteristics are required to be selected from the 
manufacturer's product line the Engineer, will return the submittal with the 
options selected. 


6. Samples for Verification: Submit full-size units or Samples of the size indicated, 
prepared from the same material to be used for the Work, cured and finished in the 
manner specified, and physically identical with the material or product proposed for 
use, and that show full range of color and texture variations expected. Samples include, 
but are not limited to, the following: partial sections of manufactured or fabricated 
components; small cuts or containers of materials; complete units of repetitively used 
materials; swatches showing color, texture, and pattern; color range sets; and 
components used for independent testing and inspection. 


a. Number of Samples: Submit two sets of Samples. The Engineer will retain one 
Sample set; the remainder will be returned. marked with action taken 


1) Submit a single Sample where assembly details, workmanship, 
fabrication techniques, connections, operation, and other similar 
characteristics are to be demonstrated. 

2) If variation in color, pattern, texture, or other characteristic is inherent in 
the material or product represented by a Sample, submit at least three sets 
of paired units that show approximate limits of variations. 


F. Product Schedule: As required in individual Specification Sections, prepare a written 
summary indicating the types of products required for the Work and their intended location. 
Include the following information in tabular form: 


Type of product. Include a unique identifier for each product 
Manufacturer and product name, and model number if applicable. 
Number and name of room or space. 

Location within room or space. 

Submit the product schedule in the following format: 


Gu Ge 


a. electronic file in the format agreed upon by the Engineer. 
b. two paper copies of the product schedule or list, unless otherwise indicated The 
Engineer, will return one auctioned marked copy. 


G. — Contractor's Construction Schedule: Comply with requirements specified in Division 01 
Section "Construction Progress Documentation." 


H. Subcontract List: Prepare and submit a list identifying subcontractor individuals or firms 
proposed for each portion of the Work, including those who are to furnish products or 
equipment fabricated to a special design. Include the following information in tabular form: 


1. Name, address, and telephone number of the entity performing subcontract or 
supplying products. 

2. Number and title of related Specification Section(s) covered by subcontract. 

3. Drawing number and detail references, as appropriate, covered by subcontract. 

4. Submit subcontract list in the following format: 
a. electronic file. 
b. Number of Copies: two paper copies of subcontractor list, unless otherwise 


indicated The Engineer will return one actioned marked copy. 
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I. Coordination Drawings: Comply with requirements specified in Division 01 Section "Project 
Management and Coordination." 


J. General: Prepare and submit Informational Submittals required by other Specification Parts. 
1. Number of Copies: Submit two copies of each submittal, unless otherwise indicated. 

The Engineer will not return copies. 
2: Certificates and Certifications: Provide a notarised statement that includes the 


signature of the Contractor, testing agency, or design professional responsible for 
preparing certification. Certificates and certifications shall be signed by an officer or 
other individual authorized to sign documents on behalf of the company. 

3. Test and Inspection Reports: Comply with requirements in Section 014000 "Quality 
Requirements 


K. Qualification Data: Prepare written information that demonstrates the capabilities and 
experience of the firm or person. Include lists of completed projects with project names and 
addresses, the contact information of Engineers and Employers, and other information 
specified. 


L. Welding Certificates: Prepare written certification that welding procedures and personnel 
comply with requirements in the Contract Documents. Submit a record of Welding Procedure 
Specification (WPS) and Procedure Qualification Record (PQR) on American Welding 
Society (AWS) forms. Include names of firms and personnel certified. 


M. Installer Certificates: Submit written statements on the manufacturer's letterhead certifying 
that Installer complies with requirements in the Contract Documents and, where required, is 
authorized by the manufacturer for this specific Project. 


N. Manufacturer Certificates: Submit written statements on the manufacturer's letterhead 
certifying that the manufacturer complies with the requirements in the Contract Documents. 
Include evidence of manufacturing experience where required. 


O. Product Certificates: Submit written statements on the manufacturer's letterhead certifying 
that the product complies with the requirements in the Contract Documents. 


P. Material Certificates: Submit written statements on the manufacturer's letterhead certifying 
that the material complies with requirements in the Contract Documents. 


Q. Material Test Reports: Submit reports written by a qualified testing agency, on the testing 
agency's standard form, indicating and interpreting test results of material for compliance with 
requirements in the Contract Documents. 


R. Product Test Reports: Submit written reports indicating current product produced by the 
manufacturer complies with the requirements in the Contract Documents. Base reports on the 
evaluation of tests performed by the manufacturer and witnessed by a qualified testing agency, 
or on comprehensive tests performed by a qualified testing agency. 


S. Research Reports: Submit written evidence, from a model code organization acceptable to 
authorities having jurisdiction, that product complies with the building code in effect for 
Project. Include the following information: 


1. Name of evaluation organization. 
2. Date of evaluation. 
3. Time period when a report is in effect. 
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4. Product and manufacturers’ names. 
5: Description of the product. 
6. Test procedures and results. 
7. Limitations of use. 
T. Schedule of Tests and Inspections: Comply with requirements specified in Division 01 


Section "Quality Requirements." 


U. Preconstruction Test Reports: Submit reports written by a qualified testing agency, on the 
testing agency's standard form, indicating and interpreting results of tests performed before 
installation of the product, for compliance with performance requirements in the Contract 
Documents. 


V. Compatibility Test Reports: Submit reports written by a qualified testing agency, on the 
testing agency's standard form, indicating and interpreting results of compatibility tests 
performed before installation of the product. Include written recommendations for primers 
and substrate preparation needed for adhesion. 


W. Field Test Reports: Submit reports indicating and interpreting results of field tests performed 
either during the installation of the product or after the product is installed in its final location, 
for compliance with requirements in the Contract Documents. 


X. Maintenance Data: Comply with requirements specified in Division 01 Section "Operation 
and Maintenance Data." 


Y. Design Data: Prepare and submit written and graphic information, including, but not limited 
to, performance and design criteria, a list of applicable codes and regulations, and 
calculations. Include a list of assumptions and other performance and design criteria and a 
summary of loads. Include load diagrams if applicable. Provide name and version of the 
software, if any, used for calculations. Include page numbers. 


Z. Manufacturer's Instructions: Prepare written or published information that documents the 
manufacturer's recommendations, guidelines, and procedures for installing or operating a 
product or equipment. Include the name of the product and name, address, and telephone 
number of manufacturer. Include the following, as applicable: 


Preparation of substrates. 

Required substrate tolerances. 

Sequence of installation or erection. 

Required installation tolerances. 

Required adjustments. 

Recommendations for cleaning and protection. 


mou e e 


AA. Manufacturer's Field Reports: Prepare written information documenting factory-authorized 
service representative's tests and inspections. Include the following, as applicable: 


1. Name, address, and telephone number of factory-authorized service representative 
making the report. 

Di Statement on condition of substrates and their acceptability for installation of the 
product. 

3. Statement that products at Site comply with requirements. 

4. Summary of installation procedures being followed, whether they comply with 


requirements and, if not, what corrective action was taken. 
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5. Results of operational and other tests and a statement of whether observed performance 
complies with requirements. 

6. Statement whether conditions, products, and installation will affect warranty. 

7. Other required items indicated in individual Specification Parts. 


Insurance Certificates and Bonds: Prepare written information indicating the current status of 
insurance or bonding coverage. Include the name of the entity covered by insurance or bond, limits 
of coverage, amounts of deductibles, if any, and term of the coverage. 


2.2 


A. 


B. 


DELEGATED-DESIGN SERVICES 


Performance and Design Criteria: Where professional design services or certifications by a 
design professional are specifically required of the Contractor by the Contract Documents, 
provide products and systems complying with specific performance and design criteria 
indicated. 


1. If the criteria indicated are not sufficient to perform services or certification required, 
submit a written request for additional information to Engineer. 


Delegated-Design Services Certification: In addition to Shop Drawings, Product Data, and 
other required submittals, submit a digitally-electronic file and three paper copies of the 
certificate, signed and sealed by the responsible design professional, for each product and 
system specifically assigned to the Contractor to be designed or certified by a design 
professional. 


1. Indicate that products and systems comply with performance and design criteria in the 
Contract Documents. Include a list of codes, loads, and other factors used in 
performing these services. 


PART 3 - EXECUTION 


3.1 


A. 


B. 


C. 


3.2 


A. 


CONTRACTOR'S REVIEW AND APPROVAL 


Action and Informational Submittals: Review each submittal and check for coordination with 
other Work of the Contract and for compliance with the Contract Documents. Note 
corrections and field dimensions. Mark with approval stamp before submitting to the 
Engineer. 


Project Closeout and Maintenance/Material Submittals: Refer to requirements in Division 01 
Section "Closeout Procedures." 


Approval Stamp: Stamp each submittal with a uniform, approval stamp. Include Contract 
name and location, submittal number, Specification Section title and number, name of the 
reviewer, date of Contractor's approval, and a statement certifying that submittal has been 
reviewed, checked, and approved for compliance with the Contract Documents. 


ENGINEER 'S ACTION 


General: The Engineer will not review submittals that do not bear the Contractor's approval 
stamp and will return them without action. 
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3.3 


Engineer's Action: The Engineer's review is limited only to checking conformance with the 
information given and the design concept expressed in the Contract Documents. It is not 
conducted for the purpose of determining the accuracy and completeness of details, 
dimensions or quantities, nor substantiating integrity or compatibility, nor confirming 
instructions for installation or performance. The Engineer's approval does not in any way 
relieve the Contractor of responsibility for compliance with specified provisions and the 
Contract Document requirements. 


Action Submittals: The Engineer will review each submittal, make marks to indicate 
corrections or modifications required, and return it to the Contractor. The Engineer will stamp 
each submittal with an action stamp and will mark the stamp appropriately to indicate the 
action taken, as follows: 


1. Final Unrestricted Release: Where the submittal is marked "APPROVED", the work 
covered by the submittal may proceed provided it complies with the Contract 
Documents. Final acceptance of the work will depend on that compliance. 

2: Final-but-Restricted Release: Where the submittal is marked "APPROVED AS 
NOTED", the work covered by the submittal may proceed provided it complies with 
both the Engineer's notations and corrections on the submittal and the Contract 
Documents. Final acceptance of the work will depend on that compliance. 

3. Returned for Resubmittal: Where the submittal is marked "NOT APPROVED, 
REVISE AND RESUBMIT", do not proceed with the work covered by the submittal, 
including purchase, fabrication, delivery, or other activity for the product submitted. 
Revise or prepare a new submittal according to the Engineer's notations and 
corrections. 

4. Rejected: Where the submittal is marked "NOT APPROVED, RESUBMIT" or 
"REJECTED", do not proceed with the work covered by the submittal. Prepare a new 
submittal for a product that complies with the Contract Documents 


Informational Submittals: The Engineer will review each submittal and will not return it, or 
will return it if it does not comply with requirements The Engineer will forward each submittal 
to the appropriate party. 


Partial submittals prepared for a portion of the Work will be reviewed when use of partial 
submittals has received prior approval from The Engineer. 


Incomplete submittals are not acceptable, will be considered nonresponsive, and will be 
returned without review. 


Submittals not required by the Contract Documents may not be reviewed and may be 
discarded. 

MOCKUP REQUIREMENTS 

General: Construct and erect a complete mock-up in accordance with the directions of the 
Employer and Engineer, and in the location determined by the Engineer and as required in the 


Contract Documents. 


Comply with the comments of the Employer and the Engineer with the respect to the product, 
colour scheme and workmanship. 
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Ç: Revise product submittal, if necessary, in accordance with the Employer and the Engineer's 
Comments 
END OF SECTION 013300 
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SECTION 013520 - HEALTH, SAFETY AND ENVIRONMENT 


PART 1 - GENERAL 


1.1 


SCOPE OF WORKS 


The Scope of Works as defined in the Proposal Documents shall, in addition to whatever is 
described therein, include responsibility for the management and control of all occupational, 
health, safety and environmental protection including all other related aspects of the project 
and the site. Such responsibility shall not be limited to the project, but shall extend to the 
works and activities of all Appointed Contractors, including nominated subcontractors, 
suppliers and other persons working on or visiting the Site. This shall include, but not be 
limited to the following: 


- Provision of suitable welfare facilities including drinking water, drainage, and sanitary 
disposal with sufficient ventilation and lighting where practical 

- Safety consultation and the conduct of regular toolbox meetings 

= Emergency procedures including fire-fighting facilities, appliances and training 

- Suitable first-aid provisions including training of staff in first-aid skills and the process 
for emergency rescue 

- Site access control and site security in coordination with the emergency procedures 

= Site traffic management shall include site access routes/ circulation and speed 
restriction/ directional signage 

- Environmental management and protection measures against pollution and habitat 
preservation 

- Site communication systems including a suitable audible alarm system 

- Housekeeping duties and waste management 

- Provision and distribution of temporary electrical services including RCD protection 
for mains powered tools 

- Allocation of space and control of contractors’ Site facilities and storage areas 

- The organisation of site craneage, hoisting facilities and all lifting operations 

- Provision and distribution of temporary utilities required for all works on the Project 

- The organisation of the final cleanup of the works prior to completion and handover 

= Suitable storage and segregation of flammable materials 


Should there be any conflict or discrepancy between the requirements of this section and any 
other provisions of the Contract Documents relative to occupational health safety and 
environmental (OHSE) protection procedures, the requirements of this Section shall prevail. 


In fulfilment of the above obligations and responsibilities the provisions and proposals of all 
Associated Contractors and Nominated Subcontractors including any others already working 
on the Site must be reviewed. Such provisions and proposals must be integrated into the 
OHSE plan to ensure the overall management and control of the OHSE aspects, facilities and 
activities of the Project on the Site are as defined above. Consult and coordinate with any 
Associated Contractors, etc. and identify and correct any deficiencies in their provisions and 
proposals relative to those functions of control and management of the OHSE procedures on 
the Project and Site. 
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1.2 OCCUPATIONAL HEALTH, SAFETY AND ENVIRONMENTAL INFORMATION 


A. Submit a Construction Phase Occupational Health Safety and Environmental Plan 
(CPOHSEP) within 28 days of the issue of the Letter of Acceptance which should describe 
the Contractor’s organization and resources which is proposed to be deployed, and undertake 
to safeguard the occupational health safety and environmental of operatives including those 
of associated contractors, nominated subcontractors and general visitors to site, including the 
employees of the Employer and the Engineer. 


The construction phase plan (CPOHSEP) shall include, but is not limited to: 


- A copy of the occupational health safety and environmental, sustainability policy 
statement, leadership and commitment 

- Identify external and internal issues 

- Needs and expectations of internal and external interested parties 

- The numbers and type of competence staff to be responsible for OHSE on this Project 
with details of their technical qualifications and duties, and how the responsibility for 
OHSE management is devolved to the workforce. 

- Roles, Responsibilities and Authorities of all involved within the project including a 
structured organogram 

- Consultation and participation in the development, planning, implementation, 
performance evaluation and actions for improvement of the OHSE management system 
with employees 

- Details planning for the OHSE Management System (OHSEMS) establishes, implements 
and maintains along with determining the risks and opportunities and hazard 
identification process. Planning actions to address risks and opportunities 

-  Project-specific risk assessments, and method statements including assessments for 
controlling and storing hazardous substances (COSHH) and environmental aspects and 
impacts assessment, fire risk assessment, VDU / DSE assessment, noise assessment and 
weakness, threats and opportunities Assessments. 

- Project OHSE objective and planning to achieve objectives 

- Training, competence and awareness procedure 

- Internal and external communications process 

- Legal and other requirements 

- Details on the procedure for OHSE System and Operational Procedures 

- Emergency arrangements for fire, explosions, and terrorist bomb threats that present life- 
threatening situations 

- Emergency preparedness and response including emergency rescue procedures and first 
aid facilities, welfare arrangements and labour camp standards etc. 

- Measures to reduce occupational health including noise, vibration, and dust. Periodic 
health screening and monitoring/analysis 

- Details on the procedure for monitoring, measurement, analysis and performance 
evaluation, workplace inspections and audits, health surveillance, incident reporting and 
investigation, corrective and preventative action, and records 

- High-risk working procedures covering excavations, work at height, confined space, hot 
works, ensuring that a suitable permit to work system is enforced 

- Information regarding the selection and use of appointed subcontractors, control and 
intervention 

- Information regarding the selection and use of plant and work equipment, certification 
and record. 

- Details on the traffic management plan, security management plan along with material 
storage and handling 
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- Information regarding the environmental management plan including waste 
management, noise, dust, order, vibration, water and energy consumption, resource 
conversation and energy efficiency 

- Opportunities to improve OHSE performance, continual improvement and rewards and 
recognition 

- A strategic OHSE training programme that entails all of the above along with TBTs 


1.3 OCCUPATIONAL HEALTH SAFETY AND ENVIRONMENTAL RESPONSIBILITIES 
OF THE CONTRACTOR 


A. Accept responsibility for overall control, co-ordination, supervision and administration of the 
whole of the Works and Site in respect of occupational, health, safety and environmental 
management, including all associated Contractors, nominated Subcontractors, the Employer 
and the Employer’s staff, the Engineer and the Engineer’s staff, suppliers and visitors etc. 


It is hereby confirmed that this document is not intended to relieve the Contractor from any 
of his obligations under the Contract and is not to be construed as a means of transfer of 
liabilities and responsibilities for the safety of the Works and the Site of the Contractor to the 
Engineer and/or the Employer. 


It is stressed and emphasized that the Contractor shall remain solely and fully responsible for 
the Works and Site safety notwithstanding any guidance and/or supervision role of the 
Engineer and/ or Employer. Any instructions/comments/observation/approvals issued to the 
Contractor are meant to highlight and identify a deficiency in the performance of his duties 
and responsibilities and are not intended by any means to transfer any liability or 
responsibility to the Engineer or generate any of the said liability or responsibility on the 
Engineer and/or the Employer. 


The Contractor is responsible for the Works and Site safety including the safety of all persons 
available on Site. 


Wherever the applicable OHSE regulations require the temporary works to be reviewed and 
inspected by entities other than/additional to the Contractor, the Contractor shall engage at his 
own cost a third-party consultancy firm to review the design of the said temporary works and 
issue certificates of inspection of their installation. 


B. Arrange and monitor a programme for occupational, health, safety and environmental 
management with each associated contractor, and subcontractor, and supply all information 
as necessary for the safe coordination of all work activities relative to the OHSE on the Site. 
OHSE Plan is designed on the principles of continuous improvement and adopts the 
methodology of Plan-Do-Check-Act (PDCA). 


C. Prepare OHSE Programme for the Project, covering times of working, partial handovers etc. 
and ensure this programme considers the work of all associated contractors and 
subcontractors, whether nominated or otherwise. 


- In addition to the constant management and supervision of the Project and Site in respect 
of OHSE provided by the Contractor’s person in charge, ensure all significant or 
hazardous/risky types of work are under the close control of competent safety supervisors 
to ensure maintenance of satisfactory safety standards 
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D. Engage suitably competent and adequately resourced staff, and ensure that associated 
contractors do likewise to their subcontractors by ensuring that OHSE targets are met and that 
sufficient training is reviewed, and that reports on a daily, weekly, monthly, six-monthly and 
annual basis in respect of OHSE management are made available to the Employer’s and the 
Engineer’s safety personnel. Always ensure that all the workers have been provided with 
suitable OHSE information, instruction and training with respect to their work activities. 


E. Ensure the involvement of the entire workforce, as subcontractors and suppliers may need to 
make special arrangements for workers with different languages. This could include providing 
translation, using interpreters or replacing written notices with clearly understood symbols or 
diagrams. 


F. Comply with all current legislation, regulations and local standards, both national and 
international and define how the requirements of these documents are being met. Ensure 
copies of these documents are readily available either in hard copies or for access via 
computer links. 


G. Comply with Part D — Environmental and Social (ES) Metrics for Progress Reports and Part 
E — Sexual Exploitation and Abuse (SEA) and/or Sexual Harassment performance 
Declaration for Subcontractors of the Section IX — Particular Conditions. 


H. Adequately safeguard the Site, its works, products, materials, plant and any existing buildings 
or structures from damage and theft. Take all reasonable precautions to prevent unauthorised 
access to the Site, the Works and any adjoining properties. Prepare and enforce all necessary 
site rules, and provide relevant parts of the OHSE plan and other information to subcontractors 
and suppliers that allow sufficient time for them to plan their work. 


I. Take reasonable steps to prevent access by unauthorized persons to the Site by displaying 
suitable signage around the site perimeter and main gate entrance. Only persons who are 
explicitly authorized, individually or collectively, should be allowed access. The 
authorization may cover the whole site, or be restricted to certain areas. Authorized people 
should have relevant site rules explained to them and undertake any necessary site induction, 
and should comply with site rules and co-operate with the stated requirements. Some 
authorized visitors may need to be supervised or accompanied while on-site or when visiting 
specific areas. 


J. Provide specific information about the particular risks associated with the site and the 
arrangements made for their control. A site induction is not intended to provide general OHSE 
training, but it should include a site-specific explanation of senior management commitment 
to OHSE outlining the project, the individual’s immediate line manager and any other key 
personnel, any site-specific OHSE risks. In general, this site induction shall address access, 
transportation and storage of hazardous substances (COSHH), site contamination, manual 
handling, control measures on the site, arrangements for first aid, arrangements for reporting 
accidents and other incidents, details of any planned training, such as ‘toolbox’ talks, 
arrangements for consulting and involving workers in OHSE and information about the 
individual’s responsibilities for occupational, health, safety and environmental. 


K. Ensure that adequate measures are implemented on Site to assure the stability and structural 
integrity of the Works during construction and support as necessary. Prevent overloading of 
structures. Check the adequacy and structural integrity and stability of all erected scaffolding 
and other temporary “work access” systems and sign-off prior to use. 


- Existing buildings or structures adjacent to the Site will be occupied and/or used during 
the Contract. 
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- Ensure the works are carried out safely and without due inconvenience and nuisance and 
danger to occupants and users or equipment/ vehicles and provide for the safe operation 
of the existing facilities. 

- Passes may be required for access to all parts of the Site. If required by the Employer, 
submit a list of the names of all personnel requiring passes together with any other related 
information the Employer or Engineer may reasonably require. Ensure passes are carried 
at all times and returned to the Employer when requested and in any case on cessation of 
the work of the pass holder. 

- Ensure the interaction of residents and pedestrians is minimized at all times and that 
contractors’ vehicles do not obstruct access to the property and residential areas. 


L. Comply with all rules and regulations listed within the Proposal and Contract Documents and 
the ‘Site OHSE Plan’ issued with those Documents. Ensure these rules and regulations are 
made known to all employees and visitors at safety inductions, and that these rules and 
regulations are displayed where all may see them. 


M. Inform the Employer and the Engineer in advance of all safety provisions and procedures 
which will require the compliance of the Employer’s and the Engineer’s representatives when 
visiting the site. 


N. — Work notification/Permit To Work “PTW” procedures will operate for all work carried out: 
PTW must be obtained in advance where deemed necessary from the Employer and/or the 
relevant authorities having jurisdiction: Ensure that a permit to work system is also in place 
for hazardous activities that may occur within the Site boundary as opposed to operational 
areas, this may include activities such as, but not restricted to: 


- Work at Height 

- Hot Work 

- Confined Spaces 

- Electrical (Live Working) 
- Excavations 

- Lone Working 

- Demolitions / Explosions. 
- Lifting Operations. 

- Night shift permits 

- Ete. 


O. Take all reasonable precautions to prevent pollution of the Site, its works, the adjacent 
facilities, the surrounding drainage and water supplies and the general environment. Provide 
within the OHSE plan a detailed method statement as to how this requirement will be 
undertaken and monitored including frequency of checks etc. 


P. Remove waste, e-waste, rubbish, debris, surplus materials and spoil regularly and keep the 
Site and works clean and tidy. Ensure that all waste, rubbish, dirt and other residue are 
removed from voids and cavities in the construction before closure. Ensure that all roadways 
and pedestrian areas are kept clean and clear and free from debris at all times. 


Q. Take all necessary measures to prevent personal injury, fatal, reportable and non-reportable 
accidents, dangerous occurrences, near-miss reports, road traffic incidents, 
property/equipment damage and security incident, environmental incident, death and damage 
to the Works or other adjacent property or equipment from fire or explosion: 


- DO NOT: allow the burning of materials arising from the works on Site. 
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- Designate safe “smoking” areas on the Site and ensure that no smoking is done in areas 
other than those so designated. 

- Alcoholic drinks and non-prescribed drugs policy are strictly prohibited and 
conflict/violence at work policy implemented to provide a workplace free from threats 
and acts of violence. 

- Ensure suitable fire-fighting equipment is available on Site 

- Undertake frequent emergency drills and regular inspections 


R. Take all necessary precautions to avoid excessive electromagnetic disturbance of apparatus 
outside the Site. 


S. During work and inspections of all types provide temporary lighting, the intensity and 
direction of which closely resembles that provided by the permanent installation. 


T. Install, use and store construction laser equipment per the manufacturers’ instructions. Use 
either Class 1 or Class 2 laser equipment ensuring that the laser beam is not set at eye level 
and that the beam is terminated at the end of its useful path. 


U. Adequately maintain roads and footpaths both around the Site and adjacent to the Site and 
keep clear of dust, mud and debris. 


V. Propose methods of work for effects on adjacent structures inside and outside the Site 
boundary. Ensure the provision and maintenance during the execution of the works of all 
incidental shoring, strutting, needling and other supports and dewatering installations as may 
be necessary to preserve the stability of existing structures on the Site or adjoining, that may 
be endangered or affected by the works. Support existing structure as necessary during cutting 
of new openings or replacement of structural parts. Monitor adjacent structures and 
immediately report excessive movement to the Engineer. Allow for the removal of supports 
only after new work is strong enough to support the existing structure. Prevent overstressing 
of completed work when removing supports. 


W. Define and produce an overall Site-specific construction occupational, health, safety and 
environmental plan (CPOHSEP) for the Project, for review and approval by the Employer 
and the Engineer. This plan should not be generic and must build on the information provided 
within the Proposal and Contract Documents, specifically the ‘Project Site OHSE Plan’ 
issued. 


- The plan must be prepared, submitted for review before the start of construction activities 
on the Works of the Contract and also be available for review at any time during the 
construction period. It should be implemented and managed as an operational document 
throughout the Project and available for all who may be affected by its contents. 

- It must be clear in its purpose, well structured, relevant and easy for associated 
contractors and others to understand. It should not contain irrelevant material. 

- The plan should identify the correct methods of operation and any associated risks 
therein. 


X. Provide all own staff and all the Employer’s and Engineer’s staff and visitors for the duration 
of the Project (including Mobilization and Defects Notification Period) with all PPE and other 
safety-related items sufficient for the construction of the Project as per the OHSE Plan and 
the Engineer’s instructions in this respect. 
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1.4 OCCUPATIONAL HEALTH, SAFETY AND ENVIRONMENTAL PLAN 


A. | OHSE Plan must be developed and submitted to the Engineer for review and approval within 
28 days of receipt of the Letter of Acceptance and is to include as a minimum the following, 
but not limited to: 


B. Description of the Project 


- Project Description and Programme details, including OHSE management details. 

- Details of all Associated Contractors, etc. including names and contact numbers of those 
responsible for OHSE affairs, type of work to be undertaken, etc. 

- Content and extent of all documents are to include but not restricted to the following: 


a. locations and contact numbers of all emergency services 
operational systems 

c. plans (security, traffic management, emergency arrangements, transport logistics 
etc.) 

d. location of existing records and plans that are relevant to OHSE on-site, including 

information about existing structures and buried services 

method statements 

risk assessments 

inspection reports 

training 

emergency response and rescue information 

partial and comprehensive evacuation plans 


Tr erg pho 


C. Arrangements for communication and management of the Works include: 


- Regular liaison between all persons and entities on-site to discuss design information. 
Discussions on design changes during the project should be made available to all other 
parties on Site, particularly in respect of OHSE management, its operation and how 
information is to be disseminated to the other parties involved in the Project. 

- Monitoring and reviewing OHSE performance and operational management systems. 

- Regularly reviewing the management structure and responsibilities related to OHSE 
goals for the project and arrangements for monitoring and review of OHSE performance. 

- Consultation with the workforce in respect of OHSE issues, taking into account the 
diversity of cultures and languages in use on the Site. Define how the culture and 
language issues will be dealt with both at the operational and management level. 

- The exchange of information between all parties particularly the control of and transfer 
of OHSE information between all types of contractors and all levels of employees on 
Site, and ensuring it is understood. 

- The selection and control of contractors, and sub-contractors, and the liaison methods in 
place in respect of OHSE. 

- The security of the defined Site, including access and egress controls, and site rules. 

- Site safety inductions and orientation for all employees and visitors, and further training 
of all employees in respect of activities requiring specialist OHSE training. These 
arrangements should indicate how the Contractor ensures all employees have understood 
their OHSE duties (tests and reviews). 

- The provision of welfare facilities and first aid at all times of activity. 

- Arrangements for recording, reporting and investigation of accidents and incidents, 
including the application of systems for future prevention of accidents and incidents and 
near misses. 
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- The production, reviewing, approval and monitoring of the application of risk 
assessments and method statements and the process whereby these documents are 
provided for review by the necessary authorities. 

- The setting of, monitoring, inspection and application of both contractual and additional 
Site rules, including a disciplinary system for non-compliance. 

- Fire and emergency procedures, including call-out procedures for out-of-hours 
incidents/accidents/dangerous occurrences. 

- The establishment of the need for personal protective equipment, and or clothing 
throughout the Site, including procedures for monitoring non-compliance with these 
procedures and a disciplinary system. 

- Inspection, monitoring and review of activities throughout the Project, including liaison 
systems between Associated Contractors, etc. affected by these activities at both 
management and operational levels. 

- The provision of necessary location and direction signage during construction, required 
to identify all parts of the Site and the Project, in particular for the benefit of the Employer 
and visitors. Such signage shall be modified and updated regularly to reflect the progress 
and development of works on the site. 


D. Arrangements for controlling significant Site risks: 


- The risks detailed may not be all of the significant risks associated with the work 
processes, and are indicative of those that may become apparent on the Site. Identify 
significant hazards and undertake a risk assessment of those hazards based on the systems 
detailed within the Proposal and Contract Documents, and ensure all associated 
contractors and subcontractors utilize the same system. These risks should, where 
necessary, be subject to the production of method statements for reviewing by the 
Engineer and any authority, having jurisdiction. The following risks must also be 
included within the Project occupational, health, safety and environmental Plan, but not 
limited to: 


a. Services, including water, electricity and gas, including overhead power lines for 
both temporary and permanent electrical installations 

Working at height including prevention of falls and falling materials 

Ground conditions 

Large numbers of personnel 

Work with or near fragile materials 

Control of lifting operations (cranes, hoists, mobile elevating working platforms) 
The maintenance and use of plant and equipment 

Unstable ground conditions 

Unstable structures both during construction and demolition 

Demolition and dismantling 

Traffic routes and segregation of vehicles and pedestrians, particularly personnel 
movement around the site 

Storage and use of hazardous materials (COSHH) 

Adjacent land use (operational airport, nearby highway) 

Fuel storage 

Fire and explosion 

Manual handling and associated issues 

Reducing noise and vibration 

Dust 

Radioactive isotopes and X-rays 

Flying objects and debris (FOD) 

Working below ground and at depth 

Confined spaces, including wells, underground earthworks, and tunnels 


ror rg menos 


ee Ae hese Baa 
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w. Standing water (dewatering processes) 

x. Weather (wind, rain, thunderstorms, heat, humidity etc.) 

y. Transport of construction materials 

z. Storage and removal of waste 

aa. Temporary works (scaffolding, formwork, falsework etc.) 

bb. Stability of structures including temporary structures and existing unstable 
structures 

cc. Violent behaviour 

dd. Delivery and removal of materials (including waste) and any work equipment 
considering any risks to the public, for example during access and egress to and 
from the Site 

ee. Occupational health risks, including manual handling and the use of hazardous 
substances (COSHH) where there is a need for health monitoring which will include 
reducing noise and vibration levels, working with ionising radiation and exposure 
to UV radiation (from the sun) 

ff. Water, where there is a risk of drowning 

gg. Other specified or identified risks 


E. Method Statements for inclusion within the submitted OHSE Plans 


- In order to ensure that the submitted construction stage safety plan is Project specific 
many method statements must be supplied with and as the first stage of this plan, for 
review prior to commencement of construction on the Works of the Contract. These 
statements must follow the format detailed within the Proposal and Contract Documents. 

- Method Statements shall fully describe and define the construction task and activity and 
must be submitted to the Engineer for review at least seven days prior to the intended 
start date of the work 

- Prior to commencing work on-site, all contractor operatives must be given a briefing by 
their company on the method statement for the works they are to undertake. This briefing 
must highlight any key risk information and the required mitigations and control 
measures. 

- Each method statement shall, notwithstanding the requirements of the Proposal and 
Contract Documents, will be written clearly to enable those doing the work to understand 
fully the details of the specific task, and the necessary OHSE requirements and must 
contain the following details where applicable, but not limited to: 


1. Introduction: describing the general scope of works, location of Works, method 
statement, Start Date and Duration of Works). 

2. Heading and Documentation Layout including Company Details - Address, Tel, Fax 
numbers and E-mail, Title, task(s), Employer / Main Contractor(s), Location of Works, 
Name of Company Contact and Phone numbers, Start Date & Duration of Works, Page 
& Paragraph Numbers 

3. Resources (including the Number and name of Personnel, Site OHSE Supervisor and 
Compliance Monitored by, Plant/Equipment/Tools, Traffic Management 
Arrangements, Materials of Work(s) and Storage and Management etc.) 

4. Safety and Environmental classification (Sub-contractors rating) 

5. Method/Construction/Installation Sequences/Sequence of Operation (this will include 
any safety precautions necessary and where applicable reference any site safety 
working procedures or any system procedures) 

6. Control/Storage/Protection of Specific Materials: including Induction Training, Task- 
Specific Training, Permits - Hot Works, Areas of High Risk, Hazard Signage - Specific 
Tasks as required, Access & Egress - Security / Signing In & Out. 

7. PPE and Welfare & Temp Accommodation facilities: including Type(s) of PPE to be 
used, Office (if required), Canteen, Rest Room and Drying Room 
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8. Plant, Tools, Equipment and Material Required (list type/capacity) 

9. Specific safety requirements and precautionary measures (work equipment, PPE, 
competent persons, certification, training, colour coding, scaffold and scissor lift tag 
system, method of access and egress to working area, fall protection measures, SWL's 
Safe Working Loads, permits and handover procedures, etc.) 

10.Emergency Arrangements: including First Aider - Name, Position and Contact Details, 
First Aid Kit - Availability & Location, Special / Specific Rescue Procedures required 

11.Risk Assessment, Noise monitoring and Occupational Health: including Individual 
Task(s) and Related Hazards, Persons affected, Risk Rating - Probability x 
Consequence, Control Measures - Each Individual Task(s), Assessor’s - Name, Position 
+ Signed & Dated, Noise Monitoring Required for Task(s). 

12.COSHH Assessment + Storage & HF Liquids & Gases including Relevant Safety Data 
Sheets (Within 5 Years of issue) for all Hazardous Substances / Materials / Liquids / 
Gases. Designated Storage for COSHH items and Gas Cylinders 

13.Proposed environmental protection measures - (waste and chemical management, noise 
control, air emissions, storage, spill response etc.) 

14.Monitoring and Compliance: including Supervisor’s name with Position and Contact 
Details as well as Assessor’s name with Position Signed & Dated. 


- This does not however exclude the duties to manage OHSE on the Site after acceptance 
by the Employer and the Engineer of the plan; thus, the development and inclusion of 
further method statements for hazardous activities is a fundamental requirement. 

- All work shall be undertaken by qualified and competent persons with experience of the 
type of work described above, and in all cases in full accordance with the safety 
procedures specified within the Employer and the Engineer of the plan 

- The Method Statements required are detailed below: 


1.Security of the Site 

2.OHSE Induction Processes, including the means of dealing with the cultural and 
language issues 

Segregation/protection of areas where work is in progress (Fencing) 

4 Control of noise 

5. Control of dust 

6. Traffic management 

7 

8 


y 


Work at height 
Confined spaces 
9. Buried and overhead services 
10. Hazardous substances (COSHH) 
11. Fire Prevention 
12. Working over / adjacent to watercourses 
13. Housekeeping 
14. Electrical Installations (including temporary installations) 
15. Material storage 
16. Excavations 
17. Piling Works 
18. Contaminated Land 
19. Welfare 
20. Lifting operations 
21. Selection and use of PPE 
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1.5 MANAGEMENT OF RESIDUAL RISK 


A. The purpose of this section is to include adequate information about the structure of materials 
used which might affect the health or safety of anyone carrying out construction or cleaning 
work or of anyone who may be affected by such work. 


B. Ensure the production and collation of information for the management of the residual risks 
that remain to be dealt with by the Employer as a result of the design and construction process; 
this should include as a minimum the following: 


1. Future maintenance; 

2. Cleaning; 

3. Access Requirements / Restrictions; 

4. Working space requirements; 

5. Details of key structural principles, including safe working floor and roof loads; 

6. Details of construction methods and materials, including dated data sheets, which may 
present residual hazards for cleaning, maintenance, repair, renovation or demolition; 

7. General maintenance instructions including access provision and information about the 
equipment provided for cleaning and maintaining the building fabric; 

8. The nature, location and markings of utilities and services, including emergency and fire- 
fighting equipment; 

9. Details of hazard substances (COSHH) associated with the materials used in the 
construction; 

10. Any residual hazards which remain and how they have been dealt with (for example 
surveys or other information concerning asbestos; contaminated land; water-bearing strata; 
buried services etc.); 

11.Key structural principles (for example, bracing, sources of substantial stored energy — 
including pre-or post-tensioned members) and safe working loads for floors and roofs, 
particularly where these may preclude placing scaffolding or heavy machinery there; 
12.Hazardous materials (COSHH) used (for example lead paint; pesticides; special coatings 
which should not be burnt off etc.); 

13. Information regarding the removal or dismantling of installed plant and equipment (for 
example any special arrangements for lifting, order or other special instructions for 
dismantling etc.) 

14.OHSE information about the equipment provided for cleaning or maintaining the structure; 
and 

15.Information and as-built drawings of the structure, its plant and equipment (for example, 
the means of safe access to and from service voids, fire doors and compartmentalisation etc.). 


C. The Management of Residual Risk Plan must be provided in a format and with sufficient 
detail so that the Employer and the Engineer can identify hazards and risks for the Employer’s 
employees and future contractors to enable work to be carried out safely without the 
requirement to undertake searches surveys etc. that in themselves may prove hazardous. 


PART 2 - PRODUCTS (Not Used) 


PART 3 - EXECUTION (Not Used) 


END OF SECTION 013520 
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SECTION 014000 - QUALITY REQUIREMENTS 


PART 1 - GENERAL 


1.1 


1.2 


1.3 


A. 


RELATED DOCUMENTS 


Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Specification Sections, apply to this Section. 


SUMMARY 


This Section includes administrative and procedural requirements for quality assurance and 
quality control. 


Testing and inspecting services are required to verify compliance with requirements specified 
or indicated. These services do not relieve the Contractor of responsibility for compliance 
with the Contract Document requirements. 


1. Specific quality-assurance and -control (QA/QC) requirements for individual 
construction activities are specified in the Sections that specify those activities. 
Requirements in those Sections may also cover the production of standard products. 

2. Specified tests, inspections, and related actions do not limit the Contractor's other 
quality-assurance and -control procedures that facilitate compliance with the Contract 
Document requirements. 

3. Requirements for Contractor to provide quality-assurance and -control services 
required by Engineer, or authorities having jurisdiction are not limited by provisions of 
this Section. 


Related Sections: 


1. Division 01 Section "Construction Progress Documentation" for developing a schedule 
of required tests and inspections. 

2: Specifications sections in addition to Division 1 Sections for specific test and 
inspection requirements. 

3. Specification sections in addition to Division 1 for specific mock-up requirements not 
indicated in this Section 


DEFINITIONS 


Quality-Assurance Services: Activities, actions, and procedures performed before and during 
the execution of the Work to guard against defects and deficiencies and substantiate that the 
proposed construction will comply with requirements. 


Quality-Control Services: Tests, inspections, procedures, and related actions during and after 
execution of the Work to evaluate that actual products incorporated into the Work and 
completed construction comply with requirements. Services do not include contract 
enforcement activities performed by the Engineer. 
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CŒ: Mockups: Full size physical assemblies that are constructed on-site. Mockups are 
constructed to verify selections made under sample submittals; to demonstrate aesthetic 
effects and, where indicated, qualities of materials and execution; to review coordination, 
testing, or operation; to show the interface between dissimilar materials; and to demonstrate 
compliance with specified installation tolerances. Mockups are not Samples. Unless 
otherwise indicated, approved mockups establish the standard by which the Work will be 
judged. 


D. Product Testing: Tests and inspections that are performed by a testing agency qualified to 
conduct product testing and acceptable to authorities having jurisdiction, to establish product 
performance and compliance with specified requirements. 


E. Source Quality-Control Testing: Tests and inspections that are performed at the source, i.e., 
plant, mill, factory, or shop. 


F. Field Quality-Control Testing: Tests and inspections that are performed on-site for 
installation of the Work and for completed Work. 


G. Testing Agency: An entity engaged to perform specific tests, inspections, or both. Testing 
laboratory shall mean the same as the testing agency. 


H. Ihnstaller/Applicator/Erector: Contractor or another entity engaged by Contractor as an 
employee, Subcontractor, or Sub-subcontractor, to perform a particular construction 
operation, including installation, erection, application, and similar operations. 


1. Use of trade-specific terminology in referring to a trade or entity does not require that 
certain construction activities be performed by accredited or unionized individuals, or 
that requirements specified apply exclusively to specific trade or trades. 


I. Experienced: When used with an entity or individual, "experienced" means having 
successfully completed a minimum five previous projects similar in nature, size, and extent 
to this Project; being familiar with special requirements indicated; and having complied with 
requirements of authorities having jurisdiction. 


1.4 DELEGATED DESIGN 


A. Performance and Design Criteria: Where professional design services or certifications by a 
design professional are specifically required of the Contractor by the Contract Documents, 
provide products and systems complying with specific performance and design criteria 
indicated. 


1. If the criteria indicated are not sufficient to perform services or certification required, 
submit a written request for additional information to the Engineer. 


1.5 CONFLICTING REQUIREMENTS 


A. Referenced Standards: If compliance with two or more standards is specified and the 
standards establish different or conflicting requirements for minimum quantities or quality 
levels, comply with the most stringent requirement. Refer to conflicting requirements that 
are different, but apparently equal, to Engineer for a decision before proceeding. 
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B. Minimum Quantity or Quality Levels: The quantity or quality level shown or specified shall 
be the minimum provided or performed. The actual installation may comply exactly with the 
minimum quantity or quality specified, or it may exceed the minimum within reasonable 
limits. To comply with these requirements, indicated numeric values are minimum or 
maximum, as appropriate, for the context of requirements. Refer uncertainties to Engineer 
for a decision before proceeding. 


1.6 ACTION SUBMITTALS 


A. Shop Drawings: For mockups, provide plans, sections, and elevations, indicating materials 
and the size of mockup construction. 


1. Indicate manufacturer and model number of individual components. 
2i Provide axonometric drawings for conditions difficult to illustrate in two dimensions. 


1.7 INFORMATIONAL SUBMITTALS 


A. Contractor's Quality-Control Plan: For quality-assurance and quality-control activities and 
responsibilities. 

B. Contractor's Quality-Control Manager Qualifications: For supervisory personnel. 

C. Testing Agency Qualifications: For testing agencies specified in the "Quality Assurance" 


Article to demonstrate their capabilities and experience. Include proof of qualifications in the 
form of a recent report on the inspection of the testing agency by a recognized authority 


D.  Delegated-Design Submittal: In addition to Shop Drawings, Product Data, and other required 
submittals, submit a statement, signed and sealed by the responsible design professional, for 
each product and system specifically assigned to the Contractor to be designed or certified by 
a design professional, indicating that the products and systems are in compliance with 
performance and design criteria indicated. Include a list of codes, loads, and other factors 
used in performing these services. 


E. Schedule of Tests and Inspections: Prepare in tabular form and include the following: 
1. Specification Section number and title. 
2. Entity responsible for performing tests and inspections. 
3. Description of test and inspection. 
4. Identification of applicable standards. 
5. Identification of test and inspection methods. 
6. Number of tests and inspections required. 
7. Time schedule or time span for tests and inspections. 
8. Requirements for obtaining samples. 
9. Unique characteristics of each quality-control service. 
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1.8 CONTRACTOR'S QUALITY-CONTROL PLAN 


A. — Quality-Control Plan, General: Submit quality-control plan within [15 days of Notice to 
Proceed, and not less than five days prior to the preconstruction conference. Submit in a 
format acceptable to the Engineer. Identify personnel, procedures, controls, instructions, 
tests, records, and forms to be used to carry out the Contractor's quality-assurance and quality- 
control responsibilities. Coordinate with the Contractor's construction schedule. 


B. Quality-Control Personnel Qualifications: Engage qualified full-time personnel trained and 
experienced in managing and executing quality-assurance and quality-control procedures 
similar in nature and extent to those required for the Contract. 


1. Project quality-control manager shall not have other Project responsibilities. 


C. Submittal Procedure: Describe procedures for ensuring compliance with requirements 
through review and management of the submittal process. Indicate qualifications of personnel 
responsible for submittal review. 


D. Testing and Inspection: Include in quality-control plan a comprehensive schedule of Work 
requiring testing or inspection, including the following: 


1. Contractor-performed tests and inspections including subcontractor-performed tests 
and inspections. Include required tests and inspections and Contractor-elected tests 
and inspections. 

2. Special inspections required by authorities having jurisdiction and indicated on the 
"Statement of Special Inspections." 


E. Continuous Inspection of Workmanship: Describe the process for continuous inspection 
during construction to identify and correct deficiencies in workmanship in addition to testing 
and inspection specified. Indicate types of corrective actions to be required to bring work into 
compliance with standards of workmanship established by Contract requirements and 
approved mockups. 


F. Monitoring and Documentation: Maintain testing and inspection reports including a log of 
approved and rejected results. Include work the Engineer has indicated as nonconforming or 
defective. Indicate corrective actions taken to bring nonconforming work into compliance 
with requirements. Comply with requirements of authorities having jurisdiction. 


1.9 REPORTS AND DOCUMENTS 


A. Test and Inspection Reports: Prepare and submit certified written reports specified in other 
Sections. Include the following: 


1. Date of issue. 
2: Project title and number. 
33 Name, address, and telephone number of testing agency. 
4. Dates and locations of samples and tests or inspections. 
5. Names of individuals making tests and inspections. 
6. Description of the Work and test and inspection method. 
T Identification of product and Specification Section. 
8. Complete test or inspection data. 
9. Test and inspection results and an interpretation of test results. 
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10. Record of temperature and weather conditions at time of sample taking and testing and 
inspecting. 

11. Comments or professional opinion on whether tested or inspected Work complies with 
the Contract Document requirements. 

12. Name and signature of laboratory inspector. 

13. Recommendations on retesting and reinspecting. 


B. Manufacturer's Technical Representative's Field Reports: Prepare written information 
documenting the manufacturer's technical representative's tests and inspections specified in 
other Sections. Include the following: 


1. Name, address, and telephone number of technical representative making the report. 
Statement on condition of substrates and their acceptability for installation of the 
product. 

3. Statement that products at the Project site comply with requirements. 

4. Summary of installation procedures being followed, whether they comply with 
requirements and, if not, what corrective action was taken. 

5: Results of operational and other tests and a statement of whether observed performance 
complies with requirements. 

6. Statement whether conditions, products, and installation will affect warranty. 

7. Other required items indicated in individual Specification Sections. 

C. Factory-Authorized Service Representative's Reports: Prepare written information 


documenting the manufacturer's factory-authorized service representative's tests and 
inspections specified in other Sections. Include the following: 


1. Name, address, and telephone number of factory-authorized service representative 
making the report. 

2: Statement that equipment complies with requirements. 

3. Results of operational and other tests and a statement of whether observed performance 
complies with requirements. 

4. Statement whether conditions, products, and installation will affect warranty. 

5. Other required items indicated in individual Specification Sections. 

D. Permits, Licenses, and Certificates: For Employer's records, submit copies of permits, 


licenses, certifications, inspection reports, releases, jurisdictional settlements, notices, 
receipts for fee payments, judgments, correspondence, records, and similar documents, 
established for compliance with standards and regulations bearing on the performance of the 
Work. 


1.10 QUALITY ASSURANCE 


A. General: Qualifications paragraphs in this article establish the minimum qualification levels 
required; individual Specification Sections specify additional requirements. 


B. Manufacturer Qualifications: A firm experienced in manufacturing products or systems 
similar to those indicated for this Project and with a record of successful in-service 
performance, as well as sufficient production capacity to produce required units. 


C: Fabricator Qualifications: A firm experienced in producing products similar to those 
indicated for this Project and with a record of successful in-service performance, as well as 
sufficient production capacity to produce required units. 
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D. Installer Qualifications: A firm or individual experienced in installing, erecting, or 
assembling work similar in material, design, and extent to that indicated for this Project, 
whose work has resulted in construction with a record of successful in-service performance. 


E. Professional Engineer Qualifications: A professional engineer who is legally qualified to 
practice in the jurisdiction where the Project is located and who is experienced in providing 
engineering services of the kind indicated. Engineering services are defined as those 
performed for installations of the system, assembly, or product that are similar to those 
indicated for this Project in material, design, and extent. 


F. Specialists: Certain Specification Sections require that specific construction activities shall 
be performed by entities who are recognized experts in those operations. Specialists shall 
satisfy the qualification requirements indicated and shall be engaged in the activities 


indicated. 
1. Requirements of authorities having jurisdiction shall supersede requirements for 
specialists. 
G. Testing Agency Qualifications: An agency with the experience and capability to conduct 


testing and inspecting indicated, as documented according to ASTM E 329 or similar 
recognised standard, and that specializes in types of tests and inspections to be performed and 
with additional qualifications specified in individual Sections; and where required by 
authorities having jurisdiction, that is acceptable to authorities. 


H. Manufacturer's Technical Representative Qualifications: An authorized representative of the 
manufacturer who is trained and approved by the manufacturer to observe and inspect the 
installation of manufacturer's products that are similar in material, design, and the extent to 
those indicated for this Project. 


I. Factory-Authorized Service Representative Qualifications: An authorized representative of 
the manufacturer who is trained and approved by the manufacturer to inspect the installation 
of the manufacturer's products that are similar in material, design, and extent to those 
indicated for this Project. 


J. Preconstruction Testing: Testing agency shall perform preconstruction testing for 
compliance with specified requirements for performance and test methods, comply with the 
following: 


1. Contractor responsibilities include the following: 
a. Provide test specimens and assemblies representative of proposed materials and 


construction. Provide sizes and configurations of assemblies to adequately 
demonstrate the capability of the product to comply with performance 


requirements. 
b. Submit specimens in a timely manner with sufficient time for testing and 
analysing results to prevent delaying the Works. 
c. When testing is complete, remove assemblies; do not reuse materials on the 
Works. 
2: Testing Agency Responsibilities: Submit a certified written report of each test, 


inspection, and similar quality-assurance service to the Engineer, with a copy to the 
Contractor. Interpret tests and inspections and state in each report whether tested and 
inspected work complies with or deviates from the Contract Documents. 
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K. Mockups: Before installing portions of the Work requiring mockups, build mockups for each 
form of construction and finish required to comply with the following requirements, using 
materials indicated for the completed Work: 


1. Build mockups in location and of size indicated or, if not indicated, as directed by the 
Engineer. 

2: Notify the Engineer seven days in advance of dates and times when mockups will be 
constructed. 

3. Employ supervisory personnel who will oversee mockup construction. Employ 
workers that will be employed during the construction at the Project. 

4. Demonstrate the proposed range of aesthetic effects and workmanship. 

5: Obtain the Engineer's approval of mockups before starting work, fabrication, or 
construction. 
a. Allow seven days for initial review and each re-review of each mockup. 

6. Maintain mockups during construction in an undisturbed condition as a standard for 
judging the completed Work. 

T Demolish and remove mockups when directed, unless otherwise indicated. 

L. Integrated Exterior Mockups: Construct integrated exterior mockups in accordance with 


approved Shop Drawings Coordinate installation of exterior envelope materials and products 
for which mockups are required in individual specification sections, along with supporting 
materials. 


M. Room Mockups: Construct room mockups incorporating required materials and assemblies, 


finished in accordance with requirements. Provide required lighting and additional lighting 
where required to enable the Engineer to evaluate the quality of the Work. 


1.11 QUALITY CONTROL 


A. Contractor Responsibilities: engage and provide quality-control services specified and 
required by authorities having jurisdiction and bear all costs. 


1. Where services are indicated as the Contractor's responsibility, engage a qualified 
testing agency, acceptable to the Engineer to perform these quality-control services. 

2: Notify testing agencies at least 24 hours in advance of the time when work that requires 
testing or inspecting will be performed. 

3. Where quality-control services are indicated as the Contractor's responsibility, submit 


a certified written report, in duplicate, of each quality-control service. 

4. Testing and inspecting requested by the Contractor and not required by the Contract 
Documents are the Contractor's responsibility and the cost of which shall be borne by 
the contractor. 


B. Manufacturer's Field Services: Engage a factory-authorized service representative to inspect 
field-assembled components and equipment installation, including service connections. 
Report results in writing. 


C. Retesting/Re-inspecting: Regardless of whether original tests or inspections were the 
Contractor's responsibility, provide quality-control services, including retesting and re- 
inspecting, for construction of revised or replaced work that failed to comply with 
requirements established by the Contract Documents. 


QUALITY REQUIREMENTS 014000 - Page 7 of 9 
P21161/4309-04-TD-SPC-15A-PMC-01 REV 0 


RFP — Karachi Mobility Project (Yellow BRT) — PK-SMTA-334960-CW-RFP 
Procurement of Package - 4: NEW JAM SADIQ BRIDGE (Yellow Corridor Segment 3) 
Volume (2): Part (B) Specifications (1 of 2) - 014000 - Quality Requirements 


D. Testing Agency Responsibilities: Cooperate with the Engineer and the Contractor in the 
performance of duties. Provide qualified personnel to perform required tests and inspections. 


1. Notify the Engineer and the Contractor promptly of irregularities or deficiencies 
observed in the work during the performance of its services. 

2s Interpret tests and inspections and state in each report whether tested and inspected 
work complies with or deviates from requirements. 

3. Submit a certified written report, in duplicate, of each test, inspection, and similar 
quality-control service through the Contractor. 

4. Do not release, revoke, alter, or increase requirements of the Contract Documents or 
approve or accept any portion of the Works. 

5: Do not perform any duties of the Contractor. 

E. Associated Services: Cooperate with agencies performing required tests, inspections, and 


similar quality-control services, and provide reasonable auxiliary services as requested. 
Notify agency sufficiently in advance of operations to permit assignment of personnel. 
Provide the following: 


1. Access to the Site / work. 
Incidental labour and facilities necessary to facilitate tests and inspections. 


3. Adequate quantities of representative samples of materials that require testing and 
inspecting. Assist agency in obtaining samples. 

4. Facilities for storage and field curing of test samples. 

5: Preliminary design mix proposed for use for material mixes that require control by the 
testing agency. 

6. Security and protection for samples and for testing and inspecting equipment at the 


Project site. 


F. Coordination: Coordinate a sequence of activities to accommodate required quality-assurance 
and quality control services with a minimum of delay and to avoid the necessity of removing 
and replacing construction to accommodate testing and inspecting. 


1. Schedule times for tests, inspections, obtaining samples, and similar activities. 

G. Schedule of Tests and Inspections: Prepare a schedule of tests, inspections, and similar 
quality-control services required by the Contract Documents. Submit schedule within 28 days 
of Commencement Date. 

H. Distribution: Distribute the schedule to the Employer, The Engineer, testing agencies, and 
each party involved in the performance of portions of the Works where tests and inspections 
are required 


1.12 SPECIAL TESTS AND INSPECTIONS 


A. Special Tests and Inspections: Engage a qualified testing agency to conduct special tests 
and inspections required by authorities having jurisdiction and pay all related costs. 


1. Verifying that the manufacturer maintains detailed fabrication and quality-control 
procedures and reviewing the completeness and adequacy of those procedures to 
perform the Work. 

2. Notifying the Engineer, and Contractor promptly of irregularities and deficiencies 


observed in the Work during the performance of its services. 
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Submitting a certified written report of each test, inspection, and similar quality-control 
service to the Engineer, with a copy to the Contractor and to authorities having 
jurisdiction. 

Submitting a final report of special tests and inspections at Substantial Completion, 
which includes a list of unresolved deficiencies. 

Interpreting tests and inspections and stating in each report whether tested and 
inspected work complies with or deviates from the Contract Documents. 

Retesting and reinspecting corrected work. 


PART 2 - PRODUCTS (Not Used) 


PART 3 - EXECUTION 


3.1 TEST AND INSPECTION LOG 
A. Prepare a record of tests and inspections. Include the following: 

1. Date test or inspection was conducted. 

2. Description of the Work tested or inspected. 

3. Date test or inspection results were transmitted to the Engineer. 

4. Identification of testing agency or special inspector conducting test or inspection. 

B. Maintain log at Project site. Post changes and modifications as they occur. Provide access to 
test and inspection log for the Engineer's reference during normal working hours. 
3:2 REPAIR AND PROTECTION 
A. General: On completion of testing, inspecting, sample taking, and similar services, repair 
damaged construction and restore substrates and finishes. 

1. Provide materials and comply with installation requirements specified in other 
Specification Sections or matching existing substrates and finishes. Restore patched 
areas and extend restoration into adjoining areas with durable seams that are as invisible 
as possible. Comply with the Contract Document requirements for cutting and 
patching in Division 01 Section "Execution." 

B. Protect construction exposed by or for quality-control service activities. 
C. Repair and protection are Contractor's responsibility, regardless of the assignment of 
responsibility for quality-control services. 
END OF SECTION 014000 
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SECTION 014200 - REFERENCES 


PART 1 - GENERAL 


1.1 


1.2 


1.3 


A. 


RELATED DOCUMENTS 


Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Specification Sections, apply to this Section. 


DEFINITIONS 
General: Basic Contract definitions are included in the Conditions of the Contract. 


"Approved": When used to convey Engineer's action on the Contractor's submittals, 
applications, and requests, "approved" is limited to Engineer's duties and responsibilities as 
stated in the Conditions of the Contract. 


"Directed": A command or instruction by the Engineer. Other terms including "requested," 
"authorized," "selected," "required," and "permitted" and similar phrases have the same 
meaning as "directed." 


"Indicated": Requirements expressed by graphic representations or in written form on 
Drawings, in Specifications, and in other Contract Documents. Other terms including 
"shown," "noted," "scheduled," and "specified" have the same meaning as "indicated." and 
are used to help the user locate the reference. Location is not limited. 


"Regulations": Laws, ordinances, statutes, and lawful orders issued by authorities having 
jurisdiction, and rules, conventions, and agreements within the construction industry that 
control the performance of the Work. 


"Furnish": Supply and deliver to Site, ready for unloading, unpacking, assembly, installation, 
and similar operations. 


"Install": Describe operations at the Site including the actual unloading, temporarily storing, 
unpacking, assembling, erecting, placing, anchoring, applying, working to dimension, 
finishing, curing, protecting, cleaning, and similar operations. 


"Provide": Furnish and install, complete and ready for the intended use. 


SPECIFICATION FORMAT AND CONTENT EXPLANATION 


Specification Format: These Specifications are organized into Divisions and Sections based 
on the Construction Specifications Institute's version 2004 format and "Master Format" 
numbering system. 


Specification Content: This division 1 of the Specification uses certain conventions for the 
style of language and the intended meaning of certain terms, words, and phrases when used 
in particular situations. These conventions are as follows: 
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1. Abbreviated Language: Language used is abbreviated. Words and meanings shall be 
interpreted as appropriate. Words implied, but not stated, shall be interpolated as the 
sense requires. Singular words shall be interpreted as plural and plural words 
interpreted as singular where applicable as the context of the Contract Documents 
indicates. 

23 Imperative mood and streamlined language are generally used. Requirements 
expressed in the imperative mood shall be performed by the Contractor. At certain 
locations in the Text, subjective language is used for clarity to describe responsibilities 
that shall be fulfilled indirectly by the Contractor or by others when so noted. 


a. The words "shall", "shall be", or "shall comply with", depending on the context, 
are implied where a colon (:) is used within a sentence or phrase. 

b. The word "per" means "in accordance with", "according to", "in compliance 
with", "complying with", and similar phrases 


1.4 INDUSTRY STANDARDS 


A. Applicability of Standards: Unless the Contract Documents include more stringent 
requirements, applicable construction industry standards have the same force and effect as if 
bound or copied directly into the Contract Documents to the extent referenced. Such 
standards are made a part of the Contract Documents by reference. 


B. If requested by the Engineer, the Contractor shall submit the equivalent to any standard 
referred to in the Specifications and the Contractor shall convert the parameters mentioned in 
the specifications to be comparable with the equivalent standard 


Ç: Publication Dates: Comply with standards in effect as of the date of the Contract Documents 
unless otherwise indicated. 


D. Conflicting Requirements: Where compliance with 2 or more standards is specified and the 
standards establish different or conflicting requirements for minimum quantities or quality 
levels, comply with the most stringent requirement. Refer uncertainties and requirements that 
are different but apparently equal to the Engineer for a decision before proceeding 


1. Minimum Quantity or Quality Levels: The quantity or quality level shown or specified 
shall be the minimum provided or performed. The actual installation may comply 
exactly with the minimum quantity or quality specified, or it may exceed the minimum 
within reasonable limits. To comply with these requirements, indicated numeric values 
are 
minimum or maximum, as appropriate, for the context of the requirements. Refer 
uncertainties to the Engineer for a decision before proceeding. 


E. Copies of Standards: Each entity engaged in construction on the Project shall be familiar with 
industry standards applicable to its construction activity. Copies of applicable standards are 
not bound with the Contract Documents. 


1. Where copies of standards are needed to perform a required construction activity, the 
Contractor shall obtain copies directly from the publication source and make them 
available on request. 
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1.5 ABBREVIATIONS AND ACRONYMS 


A. Industry Organizations: Where abbreviations and acronyms are used in Specifications or 
other Contract Documents, they shall mean the recognized name of the entities in the 
following list. Names, telephone numbers, and Web sites are subject to change and are 
believed to be accurate and up-to-date as of the date of the Contract Documents. 


AA Aluminum Association, Inc. (The) (703) 358-2960 
www.aluminum.org 

AAADM American Association of Automatic Door Manufacturers (216) 241-7333 
www.aaadm.com 

AABC Associated Air Balance Council (202) 737-0202 
www.aabchq.com 

AAMA American Architectural Manufacturers Association (847) 303-5664 
www.aamanet.org 

AASHTO American Association of State Highway and Transportation (202) 624-5800 

Officials 


www.transportation.org 


AATCC American Association of Textile Chemists and Colorists (919) 549-8141 
www.aatcc.org 

ABAA Air Barrier Association of America (866) 956-5888 
www.airbarrier.org 

ABMA American Bearing Manufacturers Association (202) 367-1155 
www.abma-dc.org 

ACI American Concrete Institute (248) 848-3700 
www.concrete.org 

ACPA American Concrete Pipe Association (972) 506-7216 
www.concrete-pipe.org 

AEIC Association of Edison Illuminating Companies, Inc. (The) (205) 257-2530 
www.aeic.org 

AF&PA American Forest & Paper Association (800) 878-8878 
www.afandpa.org (202) 463-2700 

AGA American Gas Association (202) 824-7000 


www.aga.org 


AGC Associated General Contractors of America (The) (703) 548-3118 
www.agc.org 


AHAM Association of Home Appliance Manufacturers (202) 872-5955 
www.aham.org 
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AHRI Air-Conditioning, Heating, and Refrigeration Institute (703) 524-8800 
www.ahrinet.org 

AI Asphalt Institute (859) 288-4960 
www.asphaltinstitute.org 

AIA American Institute of Architects (The) (800) 242-3837 
www.aia.org (202) 626-7300 

AISC American Institute of Steel Construction (800) 644-2400 
www.aisc.org (312) 670-2400 

AISI American Iron and Steel Institute (202) 452-7100 
wwwsteel.org 

AITC American Institute of Timber Construction (303) 792-9559 
www.aitc-glulam.org 

ALSC American Lumber Standard Committee, Incorporated (301) 972-1700 
www.alsc.org 

AMCA Air Movement and Control Association International, Inc. (847) 394-0150 
www.amca.org 

ANSI American National Standards Institute (202) 293-8020 
www.ansi.org 

AOSA Association of Official Seed Analysts, Inc. (405) 780-7372 
www.aosaseed.com 

APA Architectural Precast Association (239) 454-6989 
www.archprecast.org 

APA APA - The Engineered Wood Association (253) 565-6600 
www.apawood.org 

API American Petroleum Institute (202) 682-8000 
www.api.org 

ARI Air-Conditioning & Refrigeration Institute 
(Now AHRI) 

ARMA Asphalt Roofing Manufacturers Association (202) 207-0917 
www.asphaltroofing.org 

ASCE American Society of Civil Engineers (800) 548-2723 
www.asce.org (703) 295-6300 

ASCE/SEI American Society of Civil Engineers/Structural Engineering 

Institute 
(See ASCE) 
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ASHRAE American Society of Heating, Refrigerating and Air- (800) 527-4723 
Conditioning Engineers 

www.ashrae.org (404) 636-8400 

ASME ASME International (800) 843-2763 
(American Society of Mechanical Engineers International) (973) 882-1170 
www.asme.org 

ASSE American Society of Safety Engineers (847) 699-2929 
www.asse.org 

ASSE American Society of Sanitary Engineering (440) 835-3040 
www.asse-plumbing.org 

ASTM ASTM International (610) 832-9500 
(American Society for Testing and Materials International) 
www.astm.org 

ATIS Alliance for Telecommunications Industry Solutions (202) 628-6380 
www.atis.org 

AWCI Association of the Wall and Ceiling Industry (703) 534-8300 
Wwww.awci.org 

AWCMA American Window Covering Manufacturers Association 
(Now WCMA) 

AWI Architectural Woodwork Institute (571) 323-3636 
www.awinet.org 

AWPA American Wood Protection Association (205) 733-4077 
(Formerly: American Wood Preservers' Association) 
WWW.awpa.com 

AWS American Welding Society (800) 443-9353 
www.aws.org (305) 443-9353 

AWWA American Water Works Association (800) 926-7337 
www.awwa.org (303) 794-7711 

BHMA Builders Hardware Manufacturers Association (212) 297-2122 
www.buildershardware.com 

BIA Brick Industry Association (The) (703) 620-0010 
www.bia.org 

BICSI BICSI, Inc. (800) 242-7405 
www.bicsi.org (813) 979-1991 

BIFMA BIFMA International (616) 285-3963 
(Business and Institutional Furniture Manufacturer's Association 

International) 
www.bifma.com 
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BISSC Baking Industry Sanitation Standards Committee (866) 342-4772 
www.bissc.org 

BWF Badminton World Federation 6-03-9283 7155 
(Formerly: IBF - International Badminton Federation) 
www.internationalbadminton.org 

CCC Carpet Cushion Council (610) 527-3880 
www.carpetcushion.org 

CDA Copper Development Association (212) 251-7200 
www.copper.org 

CEA Canadian Electricity Association (613) 230-9263 
www.canelect.ca 

CEA Consumer Electronics Association (866) 858-1555 
www.ce.org (703) 907-7600 

CFFA Chemical Fabrics & Film Association, Inc. (216) 241-7333 
www.chemicalfabricsandfilm.com 

CGA Compressed Gas Association (703) 788-2700 
www.cganet.com 

CIMA Cellulose Insulation Manufacturers Association (888) 881-2462 
www.cellulose.org (937) 222-2462 

CISCA Ceilings & Interior Systems Construction Association (630) 584-1919 
www.cisca.org 

CISPI Cast Iron Soil Pipe Institute (423) 892-0137 
www.cispi.org 

CLFMI Chain Link Fence Manufacturers Institute (301) 596-2583 
www.chainlinkinfo.org 

CRRC Cool Roof Rating Council (866) 465-2523 
www.coolroofs.org (510) 485-7175 

CPA Composite Panel Association (703) 724-1128 
www.pbmdf.com 

CPPA Corrugated Polyethylene Pipe Association (800) 510-2772 
www.plasticpipe.org (202) 462-9607 

CRI Carpet and Rug Institute (The) (706) 278-3176 
www.carpet-rug.com 

CRSI Concrete Reinforcing Steel Institute (847) 517-1200 
www.crsi.org 
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CSA Canadian Standards Association (800) 463-6727 
(416) 747-4000 

CSA CSA International (866) 797-4272 
(Formerly: IAS - International Approval Services) (416) 747-4000 
www.csa-international.org 

CSI Cast Stone Institute (717) 272-3744 
www.caststone.org 

CSI Construction Specifications Institute (The) (800) 689-2900 
www.csinet.org (703) 684-0300 

CSSB Cedar Shake & Shingle Bureau (604) 820-7700 
www.cedarbureau.org 

CTI Cooling Technology Institute (281) 583-4087 
(Formerly: Cooling Tower Institute) 
www.cti.org 

DHI Door and Hardware Institute (703) 222-2010 
www.dhi.org 

ECA Electronic Components Association (703) 907-8024 
www.ec-central.org 

EIA Electronic Industries Alliance (703) 907-7500 
www.ela.org 

EIMA EIFS Industry Members Association (800) 294-3462 
www.eima.com (770) 968-7945 

EJCDC Engineers Joint Contract Documents Committee (703) 295-5000 
www.ejdc.org 

EJMA Expansion Joint Manufacturers Association, Inc. (914) 332-0040 
www.ejma.org 

ESD ESD Association (315) 339-6937 
(Electrostatic Discharge Association) 
www.esda.org 

ETL SEMCO Intertek ETL SEMCO (800) 967-5352 
(Formerly: ITS - Intertek Testing Service NA) 
www.intertek-etlsemko.com 

FIBA Federation Internationale de Basketball 41 22 545 00 00 
(The International Basketball Federation) 
www.fiba.com 

FIVB Federation Internationale de Volleyball 41 21 345 35 35 
(The International Volleyball Federation) 
www.fivb.org 
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FM Approvals FM Approvals LLC (781) 762-4300 
www.fmglobal.com 

FM Global FM Global (401) 275-3000 
(Formerly: FMG - FM Global) 
www.fmglobal.com 

FRSA Florida Roofing, Sheet Metal & Air Conditioning Contractors (407) 671-3772 

Association, Inc. 

www.floridaroof.com 

FSA Fluid Sealing Association (610) 971-4850 
www.fluidsealing.com 

FSC Forest Stewardship Council 49 228 367 66 0 
www.fsc.org 

GA Gypsum Association (202) 289-5440 
www.gypsum.org 

GANA Glass Association of North America (785) 271-0208 
www.glasswebsite.com 

GRI (Part of GST) 

GS Green Seal (202) 872-6400 
www.greenseal.org 

GSI Geosynthetic Institute (610) 522-8440 
www.geosynthetic-institute.org 

HI Hydraulic Institute (973) 267-9700 
www.pumps.org 

HI Hydronics Institute (908) 464-8200 
www.gamanet.org 

HMMA Hollow Metal Manufacturers Association 
(Part of NAAMM) 

HPVA Hardwood Plywood & Veneer Association (703) 435-2900 
www.hpva.org 

HPW H. P. White Laboratory, Inc. (410) 838-6550 
www.hpwhite.com 

IAS International Approval Services 
(Now CSA International) 

IBF International Badminton Federation 
(Now BWF) 

ICEA Insulated Cable Engineers Association, Inc. (770) 830-0369 
www.icea.net 
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ICRI International Concrete Repair Institute, Inc. (847) 827-0830 
www.icri.org 

IEC International Electrotechnical Commission 41 22919 02 11 
www.iec.ch 

IEEE Institute of Electrical and Electronics Engineers, Inc. (The) (212) 419-7900 
www.ieee.org 

IES Illuminating Engineering Society (212) 248-5000 
www.ies.org 

IESNA Illuminating Engineering Society of North America 
(Now IES) 

IEST Institute of Environmental Sciences and Technology (847) 981-0100 
www.iest.org 

IGCC Insulating Glass Certification Council (315) 646-2234 
www.igcc.org 

IGMA Insulating Glass Manufacturers Alliance (613) 233-1510 
www.igmaonline.org 

ILI Indiana Limestone Institute of America, Inc. (812) 275-4426 
www. iliai.com 

ISO International Organization for Standardization 41 22 749 01 11 
www.iso.ch 
Available from ANSI (202) 293-8020 
www.ansi.org 

ISSFA International Solid Surface Fabricators Association (877) 464-7732 
www.issfa.net (702) 567-8150 

ITS Intertek Testing Service NA 
(Now ETL SEMCO) 

ITU International Telecommunication Union 41 22 73051 11 
www. itu.int/home 

KCMA Kitchen Cabinet Manufacturers Association (703) 264-1690 
www.kcma.org 

LPI Lightning Protection Institute (800) 488-6864 
www.lightning.org 

MBMA Metal Building Manufacturers Association (216) 241-7333 
www.mbma.com 
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MFMA Maple Flooring Manufacturers Association, Inc. (888) 480-9138 
www.maplefloor.org 

MFMA Metal Framing Manufacturers Association, Inc. (312) 644-6610 
www.metalframingmfg.org 

MH Material Handling 
(Now MHIA) 

MHIA Material Handling Industry of America (800) 345-1815 
www.imhia.org (704) 676-1190 

MIA Marble Institute of America (440) 250-9222 
www.marble-institute.com 

MPI Master Painters Institute (888) 674-8937 
www.paintinfo.com (604) 298-7578 

MSS Manufacturers Standardization Society of The Valve and Fittings (703) 281-6613 

Industry Inc. 

www.mss-hq.com 

NAAMM National Association of Architectural Metal Manufacturers (630) 942-6591 
www.naamm.org 

NACE NACE International (800) 797-6623 
(National Association of Corrosion Engineers International) (281) 228-6200 
www.nace.org 

NADCA National Air Duct Cleaners Association (202) 737-2926 
www.nadca.com 

NAGWS National Association for Girls and Women in Sport (800) 213-7193, 

ext. 453 

www.aahperd.org/nagws/ (703) 476-3400 

NAIMA North American Insulation Manufacturers Association (703) 684-0084 
www.naima.org 

NBGQA National Building Granite Quarries Association, Inc. (800) 557-2848 
www.nbgqa.com 

NCAA National Collegiate Athletic Association (The) (317) 917-6222 
www.ncaa.org 

NCMA National Concrete Masonry Association (703) 713-1900 
www.ncma.org 

NCPI National Clay Pipe Institute (262) 248-9094 
www.ncpi.org 

NCTA National Cable & Telecommunications Association (202) 775-2300 
www.ncta.com 
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NEBB National Environmental Balancing Bureau (301) 977-3698 
www.nebb.org 

NECA National Electrical Contractors Association (301) 657-3110 
www.necanet.org 

NeLMA Northeastern Lumber Manufacturers' Association (207) 829-6901 
www.nelma.org 

NEMA National Electrical Manufacturers Association (703) 841-3200 
www.nema.org 

NETA InterNational Electrical Testing Association (888) 300-6382 
www.netaworld.org (269) 488-6382 

NFHS National Federation of State High School Associations (317) 972-6900 
www.nfhs.org 

NFPA NFPA (800) 344-3555 
(National Fire Protection Association) (617) 770-3000 
www.nfpa.org 

NFRC National Fenestration Rating Council (301) 589-1776 
www.nfrc.org 

NGA National Glass Association (866) 342-5642 
www.glass.org (703) 442-4890 

NHLA National Hardwood Lumber Association (800) 933-0318 
www.natlhardwood.org (901) 377-1818 

NLGA National Lumber Grades Authority (604) 524-2393 
www.nlga.org 

NOFMA NOFMA: The Wood Flooring Manufacturers Association (901) 526-5016 
(Formerly: National Oak Flooring Manufacturers Association) 
www.nofma.com 

NOMMA National Ornamental & Miscellaneous Metals Association (888) 516-8585 
www.nomma.org 

NRCA National Roofing Contractors Association (800) 323-9545 
www.nrca.net (847) 299-9070 

NRMCA National Ready Mixed Concrete Association (888) 846-7622 
www.nrmca.org (301) 587-1400 

NSF NSF International (800) 673-6275 
(National Sanitation Foundation International) (734) 769-8010 
www.nsf.org 
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NSSGA National Stone, Sand & Gravel Association (800) 342-1415 
www.nssga.org (703) 525-8788 

NTMA National Terrazzo & Mosaic Association, Inc. (The) (800) 323-9736 
www.ntma.com (540) 751-0930 

NTRMA National Tile Roofing Manufacturers Association 
(Now TRI) 

NWFA National Wood Flooring Association (800) 422-4556 
www.woodfloors.org (636) 519-9663 

NWWDA National Wood Window and Door Association 
(Now WDMA) 

PCI Precast/Prestressed Concrete Institute (312) 786-0300 
www.pci.org 

PDCA Painting & Decorating Contractors of America (800) 332-7322 
www.pdca.com (314) 514-7322 

PDI Plumbing & Drainage Institute (800) 589-8956 
www.pdionline.org (978) 557-0720 

PGI PVC Geomembrane Institute (217) 333-3929 
http://pgi-tp.cee.uiuc.edu 

PLANET Professional Landcare Network (800) 395-2522 
www.landcarenetwork.org (703) 736-9666 

PTI Post-Tensioning Institute (602) 870-7540 
www.post-tensioning.org 

RCSC Research Council on Structural Connections 
www.boltcouncil.org 

RFCI Resilient Floor Covering Institute (301) 340-8580 
www.tfci.com 

RIS Redwood Inspection Service (925) 935-1499 
www.redwoodinspection.com 

SAE SAE International (877) 606-7323 
www.sae.org (724) 776-4841 

SCTE Society of Cable Telecommunications Engineers (800) 542-5040 
www.scte.org (610) 363-6888 

SDI Steel Deck Institute (847) 458-4647 
www.sdi.org 

SDI Steel Door Institute (440) 899-0010 
www.steeldoor.org 
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SEFA Scientific Equipment and Furniture Association (877) 294-5424 
www.sefalabs.com (516) 294-5424 

SEI/ASCE Structural Engineering Institute/American Society of Civil 

Engineers 

(See ASCE) 

SGCC Safety Glazing Certification Council (315) 646-2234 
www.sgcc.org 

SIA Security Industry Association (866) 817-8888 
www.siaonline.org (703) 683-2075 

SJI Steel Joist Institute (843) 626-1995 
www:steeljoist.org 

SMA Screen Manufacturers Association (561) 533-0991 
www.smainfo.org 

SMACNA Sheet Metal and Air Conditioning Contractors’ (703) 803-2980 
National Association 
www.smacna.org 

SMPTE Society of Motion Picture and Television Engineers (914) 761-1100 
www.smpte.org 

SPFA Spray Polyurethane Foam Alliance (800) 523-6154 
www.sprayfoam.org 

SPIB Southern Pine Inspection Bureau (850) 434-2611 
www.spib.org 

SPRI Single Ply Roofing Industry (781) 647-7026 
Wwww.spri.org 

SSINA Specialty Steel Industry of North America (800) 982-0355 
www.ssina.com (202) 342-8630 

SSPC SSPC: The Society for Protective Coatings (877) 281-7772 
www.sspc.org (412) 281-2331 

STI Steel Tank Institute (847) 438-8265 
www.steeltank.com 

SWI Steel Window Institute (216) 241-7333 
www.steelwindows.com 

SWRI Sealant, Waterproofing, & Restoration Institute (816) 472-7974 
www.swrionline.org 

TCNA Tile Council of North America, Inc. (864) 646-8453 
www.tileusa.com 
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TIA/EIA Telecommunications Industry Association/Electronic Industries (703) 907-7700 
Alliance 

www .tiaonline.org 

TMS The Masonry Society (303) 939-9700 
www.masonrysociety.org 

TPI Truss Plate Institute, Inc. (703) 683-1010 
www.tpinst.org 

TPI Turfgrass Producers International (800) 405-8873 
www.turfgrasssod.org (847) 649-5555 

TRI Tile Roofing Institute (312) 670-4177 
www.tileroofing.org 

UL Underwriters Laboratories Inc. (877) 854-3577 
www.ul.com (847) 272-8800 

UNI Uni-Bell PVC Pipe Association (972) 243-3902 
www.uni-bell.org 

USAV USA Volleyball (888) 786-5539 
www.usavolleyball.org (719) 228-6800 

USGBC U.S. Green Building Council (800) 795-1747 
www.usgbc.org 

USITT United States Institute for Theatre Technology, Inc. (800) 938-7488 
www.usitt.org (315) 463-6463 

WASTEC Waste Equipment Technology Association (800) 424-2869 
www.wastec.org (202) 244-4700 

WCLIB West Coast Lumber Inspection Bureau (800) 283-1486 
www.wclib.org (503) 639-0651 

WCMA Window Covering Manufacturers Association (212) 297-2122 
www.wcmanet.org 

WCSC Window Covering Safety Council (800) 506-4636 
www.windowcoverings.org (212) 297-2109 

WDMA Window & Door Manufacturers Association (800) 223-2301 
www.wdma.com (847) 299-5200 

WI Woodwork Institute (Formerly: WIC - Woodwork Institute of (916) 372-9943 

California) 

www.wicnet.org 

WIC Woodwork Institute of California 
(Now WI) 
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WMMPA Wood Moulding & Millwork Producers Association 


www.wmmpa.com 


WSRCA Western States Roofing Contractors Association 


Www.wsrca.com 


WWPA Western Wood Products Association 


WWww.wwpa.org 


(800) 550-7889 
(530) 661-9591 


(800) 725-0333 
(650) 570-5441 


(503) 224-3930 


B. Code Agencies: Where abbreviations and acronyms are used in Specifications or other 
Contract Documents, they shall mean the recognized name of the entities in the following list. 
Names, telephone numbers, and Web sites are subject to change and are believed to be 
accurate and up-to-date as of the date of the Contract Documents. 

DIN Deutsches Institut fur Normung e.V. 49 30 2601-0 
www.din.de 

IAPMO International Association of Plumbing and Mechanical Officials (909) 472-4100 
www.iapmo.org 

ICC International Code Council (888) 422-7233 
www.iccsafe.org 

ICC-ES ICC Evaluation Service, Inc. (800) 423-6587 
www.icc-es.org (562) 699-0543 

UBC Uniform Building Code 
(See ICC) 

Ç: Federal Government Agencies: Where abbreviations and acronyms are used in Specifications 
or other Contract Documents, they shall mean the recognized name of the entities in the 
following list. Names, telephone numbers, and Web sites are subject to change and are 
believed to be accurate and up-to-date as of the date of the Contract Documents. 

CE Army Corps of Engineers (202) 761-0011 
www.usace.army.mil 

CPSC Consumer Product Safety Commission (800) 638-2772 
WwWWwW.cCpsc. gov (301) 504-7923 

DOC Department of Commerce (202) 482-2000 
www.commerce.gov 

DOD Department of Defense (215) 697-6257 
http://.dodssp.daps.dla.mil 

DOE Department of Energy (202) 586-9220 
www.energy.gov 

EPA Environmental Protection Agency (202) 272-0167 
www.epa.gov 

FAA Federal Aviation Administration (866) 835-5322 
www.faa.gov 
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FCC Federal Communications Commission (888) 225-5322 
www.fcc.gov 

FDA Food and Drug Administration (888) 463-6332 
www.fda.gov 

GSA General Services Administration (800) 488-3111 
www.gsa.gov 

HUD Department of Housing and Urban Development (202) 708-1112 
www.hud.gov 

LBL Lawrence Berkeley National Laboratory (510) 486-4000 
www.lbl.gov 

NCHRP National Cooperative Highway Research Program 
(See TRB) 

NIST National Institute of Standards and Technology (301) 975-6478 
www.nist.gov 

OSHA Occupational Safety & Health Administration (800) 321-6742 
www.osha.gov (202) 693-1999 

PBS Public Buildings Service 
(See GSA) 

PHS Office of Public Health and Science (202) 690-7694 
www.hhs.gov/ophs 

RUS Rural Utilities Service (202) 720-9540 
(See USDA) 

SD State Department (202) 647-4000 
www.state.gov 

TRB Transportation Research Board (202) 334-2934 
http://gulliver.trb.org 

USDA Department of Agriculture (202) 720-2791 
www.usda.gov 

USPS Postal Service (202) 268-2000 
www.usps.com 
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D. Standards and Regulations: Where abbreviations and acronyms are used in Specifications or 
other Contract Documents, they shall mean the recognized name of the standards and 
regulations in the following list. Names, telephone numbers, and Web sites are subject to 
change and are believed to be accurate and up-to-date as of the date of the Contract 
Documents. 


ADAAG Americans with Disabilities Act (ADA) (800) 872-2253 
Architectural Barriers Act (ABA) (202) 272-0080 
Accessibility Guidelines for Buildings and Facilities 
Available from U.S. Access Board 
www.access-board.gov 


CFR Code of Federal Regulations (866) 512-1800 
Available from Government Printing Office (202) 512-1800 
www.gpoaccess.gov/cfr/index.html 


DOD Department of Defense Military Specifications and Standards (215) 697-2664 
Available from Department of Defense Single Stock Point 
http://dodssp.daps.dla.mil 


DSCC Defense Supply Center Columbus 
(See FS) 
FED-STD Federal Standard 
(See FS) 
FS Federal Specification (215) 697-2664 


Available from Department of Defense Single Stock Point 
http://dodssp.daps.dla.mil 


Available from Defense Standardization Program 
www.dps.dla.mil 


Available from General Services Administration (202) 619-8925 
Wwww.gsa.gov 


Available from National Institute of Building Sciences (202) 289-7800 
www.whdg.org/ccb 


FTMS Federal Test Method Standard 
(See FS) 


MIL (See MILSPEC) 

MIL-STD (See MILSPEC) 

MILSPEC Military Specification and Standards (215) 697-2664 
Available from Department of Defense Single Stock Point 
http://dodssp.daps.dla.mil 

UFAS Uniform Federal Accessibility Standards (800) 872-2253 


Available from Access Board (202) 272-0080 
www.access-board.gov 
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E. State Government Agencies: Where abbreviations and acronyms are used in Specifications 
or other Contract Documents, they shall mean the recognized name of the entities in the 
following list. Names, telephone numbers, and Web sites are subject to change and are 
believed to be accurate and up-to-date as of the date of the Contract Documents. 


CBHF 


CCR 


CDHS 


CDPH 


CPUC 


TFS 


State of California, Department of Consumer Affairs Bureau of 
Home Furnishings and Thermal Insulation 
www.dca.ca.gov/bhfti 


California Code of Regulations 
www.calregs.com 


California Department of Health Services 
(See CDPH) 


California Department of Public Health, Indoor Air Quality Section 
www.cal-iag.org 


California Public Utilities Commission 
WWW.cpuc.ca.gov 


Texas Forest Service 
Forest Resource Development 
http://txforestservice.tamu.edu 


1.6 SUBMITTALS 


(800) 952-5210 
(916) 574-2041 


(916) 323-6815 


(510) 620-2802 


(415) 703-2782 


(979) 458-6650 


A. Permits, Licenses, and Certificates: For the Employer's records, submit copies of permits, 
licenses, certifications, inspection reports, releases, jurisdictional settlements, notices, 
receipts for fee payments, judgments, correspondence, records, and similar documents, 
established for compliance with standards and regulations bearing on the performance of the 


Works 


PART 2 - PRODUCTS (Not Used) 


PART 3 - EXECUTION (Not Used) 


END OF SECTION 014200 


REFERENCES 
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SECTION 015000 - TEMPORARY FACILITIES AND CONTROLS 


PART 1 - GENERAL 


1.1 


A. 


1.2 


1.3 


1.4 


RELATED DOCUMENTS 

Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Specification Sections, apply to this Section. 

SUMMARY 


This Section includes requirements for temporary facilities and controls, including 
temporary utilities, support facilities, and security and protection facilities. 


Related Sections: 
1. Division 01 Section "Summary" for work restrictions and limitations on utility 
interruptions. 

2: Specification sections "Dewatering" for disposal of groundwater at the Project site. 
USE CHARGES 

General: Installation and removal of and use charges for temporary facilities shall be 
included in the Contract Sum unless otherwise indicated. Allow other entities to use 
temporary services and facilities without cost, including, but not limited to, the Employer's 


construction forces, the Engineer, testing agencies, and authorities having jurisdiction. 


Sewer Service: Pay sewer service use charges for sewer usage by all entities for 
construction operations. 


Water Service: Pay water service use charges for water used by all entities for construction 
operations. 


Electric Power Service: Pay electric power service use charges for electricity used by all 
entities for construction operations. 


Telephone Service: Pay telephone service use charges, for telephones installed at the Site. 


INFORMATIONAL SUBMITTALS 


Site Plan: Show temporary facilities, utility hookups, staging areas, and parking areas for 
construction personnel. 
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B. Moisture-Protection Plan: Describe procedures and controls for protecting materials and 
construction from water absorption and damage, including delivery, handling, and storage 
provisions for materials subject to water absorption or water damage, discarding water- 
damaged materials, protocols for mitigating water intrusion into completed Work, and 
replacing water damaged Work. 


1. Indicate sequencing of work that requires water, such as sprayed fire-resistive 
materials, plastering, and terrazzo grinding, and describe plans for dealing with water 
from these operations. Show procedures for verifying that wet construction has dried 
sufficiently to permit installation of finish materials. 


C. Temporary Utility Reports: Submit reports of tests, inspections, meter readings, and similar 
procedures performed on temporary utilities. 


D. Temporary Utilities: Submit detailed proposals including drawings and product data as 
requested; obtain the Engineer’s approval prior to purchase, delivery, installation or 
implementation, as applicable, of the following: 


1. Sewers and drainage. 
2. Water service and distribution. 
3. Sanitary facilities, including toilets, wash facilities, and drinking-water facilities. 
4. Electric power service. 
5. Telephone service. 
E. Support Facilities: Submit detailed proposals including drawings and product data as 


requested for the layout area for the location of the support facilities not later than two 
weeks of issuance of the Notice to Commence; obtain the Engineer’s approval prior to 
purchase, delivery, equipping, installation or implementation of the following: 


I, Identification of the Works and temporary signs. 

2. Temporary Site offices and site laboratory, including laboratory equipment. The 
laboratory shall be equipped for testing raw materials and products for soils, asphalt 
and concrete. All equipment has to be accredited according to local rules. 

Site Canteen including kitchen equipment 

Site medical clinic including medical equipment for emergency cases. 

Site mosque including ablution area 

Storage and fabrication sheds. 

Construction aids and miscellaneous services and facilities: 


TD Ge 


a. Exterior scaffold system, including ladders, walkways, platforms and 
guardrails. 
Protective screens and chutes. 

c. Tower cranes. 

d. Lifts and hoists for materials and workmen. 


F: Engineer’s site offices shall be completely detached from that of the Contractor’s and shall 
be at a location as approved by the. Engineer. 


G. Drawings showing the plans and elevations shall be submitted to the Engineer for approval 


1. Any reasonable changes or modifications suggested by the Engineer shall be 
incorporated at no additional cost to the Employer 
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H. 


1.5 


A. 


B. 


C: 


D. 


1.6 


A. 


B. 


Security and Protection Facilities: Submit detailed proposals including drawings and 
product data as requested, obtain the Engineer's approval prior to purchase, delivery, 
installation or implementation, as applicable, of the following: 


1. Fire protection. 


QUALITY ASSURANCE 


Regulations: Comply with industry standards and applicable laws and regulations of 
authorities having jurisdiction including, but not limited to, the following: 


Building code requirements. 

Utility company regulations. 

Police and fire department regulations. 
Environmental protection regulations. 


fee ne 


Standards: Comply with Local Regulations, IEE, NEC, IEC and NFPA 


Electric Service: Comply with NECA, NEMA, Civil Defense and International codes and 
standards such as IEE, NEC, NFPA and IEC and UL standards and regulations for 
temporary electric service. Install service to comply with NFPA 70. 


Tests and Inspections: Arrange for authorities having jurisdiction to test and inspect each 
temporary utility before use. Obtain required certifications and permits. 


CONDITIONS 


Temporary Use of Permanent Facilities: Take full responsibility for the operation, 
maintenance, and protection of each permanent service during its use as a construction 
facility before Taking-Over, regardless of previously assigned responsibilities. 


1. The Contractor's personnel and workmen, including subcontractors, are not permitted 
to use permanent toilet facilities or wash facilities. 


Conditions of Use: The following conditions apply to the use of temporary services and 
facilities by all parties engaged in the Works: 


Keep clean and neat. 

Operate in a safe and efficient manner. 

Do not overload or permit them to interfere with progress. 

Take appropriate fire prevention measures. 

Do not allow hazardous, dangerous, or unsanitary conditions, or public nuisance to 
develop or persist on the Site. 


li aaa 


Relocate as required by the progress of the Works 


PART 2 - PRODUCTS 


2.1 MATERIALS 
A. General: Provide new materials suitable for the use intended. 
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2.2 


Construction Materials and Products: Comply with standards and applicable requirements 
in appropriate sections of the Specification. 


Tarpaulins: Waterproof, fire-resistive, with a low flame-spread rating. 


Temporary Enclosures: Translucent, fire-retardant, nylon-reinforced laminated 
polyethylene or polyvinyl chloride tarpaulins. 


Water: Clean, fresh, potable 


Chain-Link Fencing: Minimum 2-inch (50-mm), 0.148-inch- (3.8-mm-) thick, galvanized 
steel, chain-link fabric fencing; minimum (3.5 m) high with galvanized steel pipe posts; 
minimum (75-mm-) OD line posts and - (75-mm-) OD corner and pull posts, with the 
galvanized barbed-wire top strand. 


TEMPORARY FACILITIES 


Field Offices, General: Prefabricated or mobile units with serviceable finishes, temperature 
controls, and foundations adequate for normal loading. 


Temporary Site Offices: Prefabricated, mobile units or job-built construction, with lockable 
entrances, operable windows, serviceable finishes and robust and secure fittings; insulated, 
weather-tight, heated and air-conditioned. 


1. Incorporate sanitary facilities to the extent required for the number and gender of 
personnel accommodated. 

2: Support on foundations adequate for loading. 

3. Provide and maintain all necessary and required services and utilities, including but 


not necessarily limited to: 


a. Sewers and drainage. 

b. Water service and distribution. 

c. Sanitary facilities, including toilets, wash facilities, and drinking-water 
facilities. 

d. Air-conditioner heating and cooling. 

e. Ventilation. 

f. Electric power service. 

g. Lighting. 

h. Telephone service. 

i. Firefighting appliances. 


Janitorial services and facilities, and general attendance 


Employer /Engineer Field Offices: Provide new office furniture and equipment suitable for 
use intended. 


Computers for the Employer /Engineer: New computer equipment and peripheral hardware, 
licensed software, Internet connection and associated accessories, including local area 


networking, computer workstations, and all necessary cabling as required. 


1. PC: 3.5 GHz Intel Xeon CPU E3-1241V3; 32 GB Ram; 1000 Gb SSD Hard Drive; 
NVIDIA Quadro P400 2GB; 100 Mbps LAN connection; Wifi Receiver; each with: 


a. Colour Monitor: W 24”. 
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b. Drives: DVD Multi Player drive. 

c. Ports: 3.0 5 Port. 

d. Keyboard: English. 

e. Mouse. 

f. Operating System: "Windows 10 Enterprise". 

g. Internet connection and subscription throughout the duration of the Project 

h. Anti-static dust covers. 

2. Laser Printer: with A3/A4 paper cassettes. 

3. Colour Laser Printer: with A3/A4 paper cassettes. 

4. UPS Equipment. 

3: Software: Original, latest English version, multi-user licensed copies of the following 
software programs for specified operating system, together with user manuals, and 
maintenance agreements for the duration of the Works: 

a. "Microsoft Professional Office version 2010 or later", including 'Word', 'Excel', 
‘Power Point’, 'Access' and 'Outlook’. 

b. "Microsoft Internet Explorer". 

c. Provide three nos. of Licenses for Primavera or similar reputable software with 
prior approval of the Employer/Engineer for the Engineer and additional 
Licenses for the Contractor’s use. 

d. Provide three nos. of License for “Primavera Contract Manager or similar 
reputable software " for the Engineer and additional Licenses for the 
Contractor’s use. 

e. "AutoDesk AutoCAD. 

f. "AntiVirus". 

g Autodesk Revit, Autodesk Civil 3D, Autodesk Navisworks Manage and 6 
number of licenses for Engineer and additional licenses for Contractor’s use. 

6. Internet: Multi-user subscription and connection to approved, local, Internet service 
provider. Integrated software, providing software firewall, virus, spyware, phishing 
and spam protection in a combined application. 

7. Computer Workstation, comprising: 

a. Desking with wire management; to accommodate PC, monitor, keyboard and 
mouse. 

b. Operator's swivel chair. 


F: Storage and Fabrication Sheds: Provide sheds sized, furnished, and equipped to 
accommodate materials and equipment for construction operations. 


1. Store combustible materials apart from the building. 


2.3 EQUIPMENT 


A. Fire extinguisher: Hand-carried, portable, UL rated. Provide class and extinguishing agent 
as indicated or a combination of extinguishers of NFPA-recommended classes for 


exposures. 


1. Comply with NFPA 10 and NFPA 241 for classification, extinguishing agent, and 
size required by location and class of fire exposure. 
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B. 


D. 


HVAC Equipment: Unless the Employer authorizes the use of a permanent HVAC system, 
provide vented, self-contained, liquid-propane-gas or fuel-oil heaters with individual space 
thermostatic control. 


1. Use of gasoline-burning space heaters, open-flame heaters, or salamander-type 
heating units is prohibited. 
Heating Units: Listed and labeled for the type of fuel being consumed, by a testing 
agency acceptable to authorities having jurisdiction, and marked for intended use. 


Electrical Outlets: 240 V properly configured British Standard with 3 pins; equipped with 
ground-fault circuit interrupters, switch, and pilot light. 


Power Distribution System Circuits: The wires, conduit, containment and protection for 
sockets, air-conditioning units and other miscellaneous equipment shall comply with local 
regulations. 


Temporary Site Toilets: Prefabricated, self-contained, single-occupant units of chemical, 
aerated recirculation, or combustion type; vented; fully enclosed with a glass-fiber- 
reinforced polyester shell or similar nonabsorbent material. 


Drinking-Water Fixtures: Containerized, tap-dispenser, bottled-drinking-water units, 
including paper cup supply. 


1. Where power is accessible, provide electric water coolers to maintain the dispensed 
water temperature at 7.2 to 12.7 deg C. 


PART 3 - EXECUTION 


3.1 


3.2 


A. 


B. 


A. 


INSTALLATION, GENERAL 


Locate facilities where they will serve the Works adequately and result in minimum 
interference with the performance of the Works. Relocate and /or modify facilities as 
required by the progress of the Works. 


Provide each facility ready for use when needed to avoid delay. Maintain and modify as 
required. Do not remove facilities until permitted or directed to do so by the Engineer, or 
until replaced, to the satisfaction of the Engineer, by authorized use of completed permanent 
facilities. 


TEMPORARY UTILITY INSTALLATION 


General: Engage appropriate local utility company to install temporary service or connect to 
existing service. Where the utility company provides only part of the service, provide the 
remainder with matching, compatible materials and equipment. Comply with utility 
company requirements and recommendations. 


1. Arrange with the utility company, the Engineer, and existing users for the time when 
service can be interrupted, if necessary, to make connections for temporary services. 

2. Provide for adequate capacity and peak-demand or special load requirements at each 
stage of construction. Before temporary utility is available, provide trucked-in 
services if necessary. 

3. Obtain any necessary easements to bring temporary utilities to the Site. 
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4. Charges and Costs: Pay for all connection, service and user charges and costs arising 
in connection with the provision of temporary utilities. 


B. Sewers and Drainage: If sewers are available, provide temporary connections to remove 
effluent that can be discharged lawfully. If sewers are not available or cannot be used, 
provide drainage ditches, dry wells, stabilization ponds, and similar facilities. If neither 
sewers nor drainage facilities can be lawfully used for discharge of effluent, provide 
containers to remove and dispose of effluent off-site in a lawful manner. 


1. Filter out excessive soil, construction debris, chemicals, oils, and similar 
contaminants that might clog sewers or pollute waterways before discharge. 

2. Connect temporary sewers to the municipal system as directed by sewer department 
officials. 

3. Maintain temporary sewers and drainage facilities in a clean, sanitary condition. 


After heavy use, restore normal conditions promptly. 


Ç; Water Service: Install water service and distribution piping in sizes and pressures adequate 
for construction. 


1 Sterilize temporary water piping before use. 

2. Provide storage tanks and/or rubber hoses as necessary to serve the Site. 

3. If at any time, the temporary water service supply is interrupted or inadequate for 
requirements, provide backup storage and truck-in water supplies as necessary. 

4. If the water pressure is inadequate, provide pumps to supply a minimum of 200-kPa 


static pressure at the highest point. Equip pumps with surge and storage tanks and 
automatic controls to supply water uniformly at reasonable pressures 


D. Sanitary Facilities: 


Provide temporary toilets, wash facilities, and drinking-water fixtures. (Comply with 
regulations, health codes and the Engineer's directions for type, number, location, operation, 
and maintenance of facilities and fixtures. Provide separate toilet facilities for male and 
female personnel. 


1. Generally: Install where facilities will best serve the needs of the Works, including 
relocation whenever necessary. 


a. Service and maintain, and keep clean, sanitary and orderly for use. 

b. Provide toilet tissue, paper towels, paper cups, and similar disposable materials 
for each facility. Maintain adequate supply. Provide covered waste containers 
for disposal of used material. 


2. Toilets: Install toilet facilities connected to local water and sewer lines. Provide 
lavatories, mirrors, and water closets. Provide only potable-water connections. 
Provide individual compartments for water closets. Provide suitable enclosure with 
nonabsorbent sanitary finish materials and adequate ventilation and lighting. 

3. Wash Facilities: Install wash facilities supplied with potable water at convenient 
locations for personnel who handle materials that require wash-up. Dispose of 
drainage properly. Supply cleaning compounds appropriate for each type of material 
handled. 

4. Drinking-Water Facilities: Install containerized, tap-dispenser, bottled-drinking- 
water units, including paper cup supply 


TEMPORARY FACILITIES AND CONTROLS 015000 - Page 7 of 20 
P21161/4309-04-TD-SPC-PMC-01 REV 0 


RFP — Karachi Mobility Project (Yellow BRT) — PK-SMTA-334960-CW-RFP 
Procurement of Package - 4: NEW JAM SADIQ BRIDGE (Yellow Corridor Segment 3) 
Volume (2): Part (B) Specifications (1 of 2) - 015000 - Temporary Facilities and Controls 


E. Cooling: Provide temporary cooling required by construction activities for curing or drying 
of completed installations or for protecting installed construction from adverse effects of 
high humidity. Select equipment from that specified that will not have a harmful effect on 
completed installations or elements being installed. 


F. Electric Power Service: Provide weatherproof, grounded electric power service and 
distribution system of appropriate and sufficient size, capacity, and power characteristics 
required for use during construction, including necessary start-up, testing and 
commissioning of building operating systems and equipment. Include meters, transformers, 
overload-protected disconnecting means, automatic ground-fault interrupters, and main 
distribution switchgear. 


1. Install power distribution wiring overhead and rise vertically where least exposed to 
damage. 

2. If at any time, the temporary electric power service supply is interrupted or 
inadequate for requirements, provide and operate backup electric generators as 
necessary. 

G. Electric Distribution: Provide receptacle outlets adequate for connection of power tools and 
equipment. 

1. Provide waterproof connectors to connect separate lengths of electrical power cords if 


single lengths will not reach areas where construction activities are in progress. Do 
not exceed the safe length-voltage ratio 


H. Lighting: Provide temporary lighting with appropriate control and local switching to 
facilitate the safe and proper execution of the Works. Provide adequate illumination to 
internal areas during finishing operations and for construction operations, observations, 
inspections, and traffic conditions. 


1. Install and operate temporary lighting that fulfills security and protection 
requirements without operating the entire system. 
2. Install lighting for the Works identification sign. 


I. Telephone Service: Provide and maintain adequate temporary telephone facilities and 
service for the duration of the Contract including the Defects Liability Period, for all 
personnel accommodated in temporary field offices. 


J. Telephone Facilities for the Engineer: Provide and install a PABX in Engineer field offices, 
with sufficient line connections and capacity to provide at least two extensions and handsets 


in every office or occupied space. 


1. Provide the following telephone facilities, line connections and services for the 
exclusive use of the Engineer and his staff. 


a. 2 landlines dedicated to PABX in the Engineer /Employer field offices. 


b. 1 landline dedicated to fax machine or modem in Engineer /Employer field 
offices. 
c. 30 cellular telephone lines. 
2. Charges and Costs: Pay for all connection, reconnection, service and user charges 


and other costs arising in connection with the continuation of telephone facilities and 
services for the Engineer, other than the cost of international telephone calls not 
connected with the Work. 
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K. Electronic Communication Service: Provide a desktop computer in the primary field office 
adequate for use by the Engineer and the Employer to access project electronic documents 
and maintain electronic communications. Equip the computer with not less than the 
following: 


1. 
2. 
3 


00 ON Ue 


10. 


11. 


12. 


Processor: Intel Core i7 or above, 3.5 GHz processing speed. 

Memory: 8 gigabyte. 

Disk storage: 1000 gigabyte hard disk drive and combination DVD-RW/CD-RW 
drive. 

Display: 24-inch (480-mm) LCD monitor with 128 Mb dedicated video RAM. 
Full-size keyboard and mouse. 

Network Connectivity: 10/100BaseT Ethernet; and Wifi receiver 

Operating System: Microsoft Windows 10 Enterprise 

Productivity Software: 


a. Microsoft Office Professional, 2010 or higher, including Word, Excel, and 
Outlook. 

b. Adobe Reader 7.0 or higher. 

c. WinZip 10.0 or higher. 


Printer: "All-in-one" unit equipped with printer server, combining color printing, 
photocopying, scanning, and faxing, or separate units for each of these 3 functions. 
Internet Service: Broadband modem, router and ISP, equipped with a hardware 
firewall, providing minimum 1024 Kbps upload and 4 Mbps download speeds at each 
computer. 

Internet Security: Integrated software, providing software firewall, virus, spyware, 
phishing and spam protection in a combined application. 

Backup: External hard drive, minimum 1000 gigabyte, with automated backup 
software providing daily backups. 


3.3 SUPPORT FACILITIES INSTALLATION 


A. Site Field Offices - General: comply with the following: 


1. 


Provide continued maintenance, support and service, including final removal. 
Supplement, extend, relocate, modify, alter and adapt as necessary to comply with 
requirements indicated and specified, and accommodate construction operations 
under this Contract. 


B. General: Comply with the following: 


1. 


Locate field offices, site laboratory, site clinic, mosque canteen, storage and 
fabrication sheds, workshops, sanitary facilities, and other temporary construction 
and support facilities for easy access. 

Maintain support facilities until six months after Substantial Completion. Unless 
otherwise directed, remove after six months after Substantial Completion, but retain 
adequate support facilities to accommodate personnel remaining on the Project site 
during the defect liability period and after six months of Substantial Completion, 
including relocating if necessary and under conditions acceptable to the Employer. 
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C. Contractor's Field Offices: Provide and maintain temporary field offices and facilities of 
sufficient size, number and type to accommodate required office personnel, including sub- 
contractors, at the Project site. Furnish and equip as necessary. Keep clean and orderly for 
use. 


D. Site Laboratory: Provide a temporary site laboratory facility of sufficient size to 
accommodate, conduct, perform and report on-site sampling and testing of materials as 
prescribed and specified in various Sections of the Project Specification. The Contractor 
shall provide a furnished laboratory, including surveying equipment, sampling equipment, 
laboratory equipment and accessories, maintenance and operation of the same. The 
laboratory will be equipped for testing of raw materials and products for soils, asphalt and 
concrete and will be available for the performance of the Contractor’s preliminary and 
ongoing testing, as well as control testing by the Engineer. Keep clean and orderly for use. 


1. Employ qualified laboratory technicians familiar with specified industry standards 
and skilled in the testing of construction materials and associated administrative 
procedures. 

E. Temporary Site Medical Clinic: Provide, maintain and equip a medical clinic in an 


appropriate area for providing basic and emergency medical treatment for workforce 
expected for the construction of the Contract. The basic medical treatment shall include 
treatment for crush injuries, falls, head injuries, fractures, burns etc. The clinic shall be fully 
furnished with appropriate furniture with all electromechanical works including, telephones 
and Data network and sockets in all appropriate locations. Provide and maintain Medical 
equipment and accessories. Provide shaded parking for one (1) Ambulance and for two (2) 
vehicles. 


The following is an indicative space program: 


Reception area, Waiting area, Doctor rooms, Patient rooms, Medical inspection room, 
Pharmacy, Ambulance staff room, Ambulance parking area Electro-Mechanical area 


1. Employ qualified doctors, personnel familiar and skilled in the medical field. 
2: Provide continued services, maintenance, support and provide continued medical 
services with medicine, first-aid, including final removal 


F. Site Mosque: Provide and maintain and equip a temporary field mosque of sufficient size. 
Furnish and equip as necessary. Keep clean and orderly for use. The mosque shall include 
an appropriate number of toilets ablution facilities, 


G. Site Canteen: Provide, maintain and equip site canteen of sufficient size to serve meals and 
snacks for workers and management staff. Design, construct and furnish two (2) canteens 
one for senior management staff and general workers (respectively.) the size of the canteen 
shall be appropriate to accommodate his workers, staff, and managerial staff. 


The following is an indicative space program: Dining area, Kitchen and food preparation 
area, Food serving area (self-service), storage areas, Dry storage area, cold storage area, 
deep, freezer area, Services, Electro-Mechanical areas 


TEMPORARY FACILITIES AND CONTROLS 015000 - Page 10 of 20 
P21161/4309-04-TD-SPC-PMC-01 REV 0 


RFP — Karachi Mobility Project (Yellow BRT) — PK-SMTA-334960-CW-RFP 
Procurement of Package - 4: NEW JAM SADIQ BRIDGE (Yellow Corridor Segment 3) 
Volume (2): Part (B) Specifications (1 of 2) - 015000 - Temporary Facilities and Controls 


H.  Employer’s Field Offices: 


Provide and maintain temporary offices, and facilities for the exclusive use of the Employer 
and his staff, sized, arranged, furnished and equipped to the approval of the Employer. 


Provide and continuously stock offices with all associated consumables, and supplies as and 
when required or requested, including stationery and papers. The Contractor shall provide a 
layout for the Employer’s field Offices showing the design layout with the necessary 
circulation areas and the proposed furniture and equipment for the approval of the 
Employer, the following are the minimum requirements: 


1. One (1) General Reception area sized and arranged to receive visitors; with: 


1 reception desk and 1 swivel armchair. 
4 office armchairs. 

2 side coffee tables 

2 pin boards. 

2 wastepaper baskets. 


eno sp 


2. One (1) Project Director Office, approximately 4 m x 6 m; with: 


1 double pedestal desk with lockable drawers and 1 swivel armchair. 
1 conference table and 6 office armchairs. 

1 layout reference table. 

2 lockable steel filing cabinets. 

1 lockable drawing hanger for 10 sets. 

1 shelf unit. 

2 pin boards. 

2 waste paper baskets. 


maa hoaongp 


3. One (1) Project Manager’s office each approximately 4 m x 4 m; with: 


1 desk with lockable drawers and 2 swivel armchairs. 
1 office chair. 

1 layout reference table. 

1 lockable steel filing cabinet. 

1 lockable drawing hanger for 10 sets. 

2 shelf units. 

1 pin board. 

1 wastepaper basket. 


Daa mo aonp 


4. One (1) Staff Office approximately 4 m x 5 m; each with: 


2 desks with lockable drawers and 2 swivel armchairs. 
2 office chairs. 

2 layout reference tables. 

2 lockable steel filing cabinets. 

1 lockable drawing hanger for 10 sets. 

2 shelf units. 

2 pin boards. 

2 waste paper baskets. 


Dn moa 
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5; One (1) Secretarial Office approximately 4 m x 6 m; with: 


1 secretary's workstation desk and 1 swivel armchair. 

4 office chairs. 

2 layout reference tables. 

2 large lockable steel filing cabinets. 

2 shelf units. 

2 pin boards. 

2 waste paper baskets. 

5 desktop calculators: similar to CASIO "fx-3600 P". 

1 photocopy machine with A3/A4 enlargement/reduction facility, automatic 

document feeder and collator: similar to LANIER "7320". 

j. 2 cellular telephones: similar to Samsung Galaxy S4" or Samsung Galaxy 
Note 2". 

k. 1 plain paper fax machine: similar to PANASONIC "Panafax UF-560". 


po mo AO of 


l. Regularly service and maintain office machines and equipment in good 
serviceable condition. Provide and continuously stock offices with all 
associated consumables, and supplies as and when required or requested, 
including stationery and papers. 

6. One (1) Meeting Room for Employer’s use, sized to accommodate 6 people; with: 

a. 1 Meeting table to seat 6 people. 

b. 6 office armchairs. 

c. 2 shelf units. 

d. 4 pin boards. 

e. 1 blackboard. 

f. 2 wastepaper baskets. 


7. One (1) Male Toilet (Exclusively for Employer’s use); each with: 


Two (2) WC suites. 

2 Toilet roll holders. 

2 Lavatory basins. 

2 Mirror and shelf. 

2 Paper towel dispensers. 
2 Soap dispensers. 

2 Waste bins with cover. 


gmenaoge 


8. One (1) Female Toilet; with: 


WC suite. 

Toilet roll holder. 

Mirror and shelf. 

Paper towel dispenser. 

Soap dispenser. 

Waste bin with cover. 

Service and maintain, and clean toilets on a daily basis. Provide and 
continuously stock with all associated consumables and supplies as and when 
required or requested, including soaps, toilet paper and paper towels. 


mg monoge 
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9. Service and maintain, and clean toilets on a daily basis. Provide and continuously 
stock with all associated consumable and supplies as and when required or requested, 
including soaps, toilet paper, liquid soap for hand washing, lavatory cleaner, brushes, 
daily provision of clean hand towels, fly spray and paper towels and any such 
incidentals as required by the Engineer for maintaining decent conditions for the 
operations of the offices. 


10. One (1) Kitchen; with: 


1 refrigerator 14 cu.ft. capacity. 

2 electric boiling rings. 

1 water filter and 1 twenty liter bottled-drinking-water dispenser - hot/cold. 

1 large waste bin with cover. 

Kitchen base cabinets incorporating heat-resistant worktop and stainless-steel 

sink/drainer. 

f. Kitchen wall cabinets. 

g. Sets of crockery and cutlery sufficient for number of Employer/Engineer staff 
and visitors. 

h. Service and maintain, and clean kitchens on a daily basis. Provide and 

continuously stock with all associated consumables and supplies as and when 

requested or required, including drinking water, milk, sugar, tea and coffee 

beverages. 


pang 


I. Computers for the Employer: 


Located in Employer’s field offices. Install, connect and configure hardware and install 
software as directed, including interface with existing computer installations to provide a 
complete and fully operational, single network, computer system installation, to the 
satisfaction of the Employer: 


1. Five (5) PCs. as specified under 2.2 E (1) 

UPS Equipment: Supplement and extend existing UPS as required to provide a 
minimum 8 (eight) hour back-up for the entire computer system installation, new and 
existing. 

Software: As specified. 

Internet Connection: As specified. 

Five (5) computer workstations. 

Regularly service, and maintain new computer equipment and combined system 
installations in serviceable and operable condition. 


Gy GP 


J. Engineer’s Field Offices: 


Provide and maintain temporary offices, and facilities for the exclusive use of the Engineer 
and his staff, sized, arranged, furnished and equipped to the approval of the Engineer. 
Provide and continuously stock offices with all associated consumables, and supplies as and 
when required or requested, including stationery and papers. The Contractor shall provide a 
layout for the Engineer’s Field Offices showing the design layout with the necessary 
circulation areas and the proposed furniture and equipment for the approval of the Engineer, 
the following are the minimum requirements: 


1. One (1) General Reception area sized and arranged to receive visitors; with: 
a. 1 reception desk and 1 swivel armchair. 
b. 4 office armchairs. 
c. 2 side coffee tables 
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d. 2 pin boards. 
e. 2 wastepaper baskets. 


2. One (1) Chief Resident Engineer Office, approximately 4 m x 6 m; with: 


1 double pedestal desk with lockable drawers and 1 swivel armchair. 
1 conference table and 6 office armchairs. 

1 layout reference table. 

2 lockable steel filing cabinets. 

1 lockable drawing hanger for 10 sets. 

1 shelf unit. 

2 pin boards. 

2 waste paper baskets. 


moa ho Boop 


3. Two (2) Resident Engineer offices each approximately 4 m x 4 m; with: 


1 desk with lockable drawers and 2 swivel armchairs. 
1 office chair. 

1 layout reference table. 

1 lockable steel filing cabinet. 

1 lockable drawing hanger for 10 sets. 

2 shelf units. 

1 pin board. 

1 wastepaper basket. 


maa moa 


4. One (1) Document Controller office each approximately 4 m x 4 m; with: 


1 desk with lockable drawers and 2 swivel armchairs. 
1 office chair. 

1 layout reference tables. 

1 lockable steel filing cabinet. 

1 lockable drawing hanger for 10 sets. 

2 shelf units. 

1 pin board. 

1 wastepaper basket. 


Daa hoaonp 


5. One (1) office to seat 26 nos. of Engineer’s staff 


26 desks with lockable drawers and 26 swivel armchairs. 
2 layout reference tables. 

5 lockable steel filing cabinets. 

2 lockable drawing hangers for 10 sets. 

5 shelf units. 

26 pin board. 

26 wastepaper baskets. 


mmap 


6. One (1) Secretarial Office, approximately 4 m x 6 m; with: 


1 secretary's workstation desk and 1 swivel armchair. 
4 office chairs. 

2 layout reference tables. 

2 large lockable steel filing cabinets. 

2 shelf units. 

2 pin boards. 


moaoge 
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g. 2 waste paper baskets. 
h. 17 desktop calculators: similar to CASIO "fx-3600 P". 


i. 1 photocopy machine with A3/A4 enlargement/reduction facility, automatic 
document feeder and collator: similar to LANIER "7320". 

j. 2 cellular telephones: similar to Samsung Galaxy S4" or Samsung Galaxy 
Note 2". 


k. 1 plain paper fax machine: similar to PANASONIC "Panafax UF-560". 


l. Regularly service and maintain office machines and equipment in good 
serviceable condition. Provide and continuously stock offices with all 
associated consumables, and supplies as and when required or requested, 
including stationery and papers. 

7. One (1) Conference Room, sized to accommodate Project meetings for 25 people; 
with: 


a 1 conference table to seat 25 people. 
b 25 office armchairs. 

c. 1 layout reference tables. 

d. 2 shelf units. 

e 4 pin boards. 

f. 1 blackboard. 

g 2 wastepaper baskets. 


8. Two (2) Male Toilets; each with: 


Three (3) WC suites. 

3 Toilet roll holders. 

2 Lavatory basins. 

2 Mirror and shelf. 

2 Paper towel dispensers. 

2 Soap dispensers. 

2 Waste bins with cover. 

Service and maintain, and clean toilets on a daily basis. Provide and 
continuously stock with all associated consumables and supplies as and when 
required or requested, including soaps, toilet paper and paper towels. 


Dn mhoaonp 


9, One (1) Female Toilet; with: 


WC suite. 

Toilet roll holder. 

Mirror and shelf. 

Paper towel dispenser. 

Soap dispenser. 

Waste bin with cover. 

Service and maintain, and clean toilets on a daily basis. Provide and 
continuously stock with all associated consumables and supplies as and when 
required or requested, including soaps, toilet paper and paper towels. 


gmoenose 


10. Service and maintain, and clean toilets on a daily basis. Provide and continuously 
stock with all associated consumable and supplies as and when required or requested, 
including soaps, toilet paper, liquid soap for hand washing, lavatory cleaner, brushes, 
daily provision of clean hand towels, fly spray and paper towels and any such 
incidentals as required by the Engineer for maintaining decent conditions for the 
operations of the offices. 
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11. One (1) Kitchen; with: 


1 refrigerator 14 cu.ft. capacity. 

2 electric boiling rings. 

1 water filter and 1 twenty liter bottled-drinking-water dispenser - hot/cold. 

1 large waste bin with cover. 

Kitchen base cabinets incorporating heat-resistant worktop and stainless-steel 

sink/drainer. 

f. Kitchen wall cabinets. 

g. Sets of crockery and cutlery sufficient for number of Employer/Engineer staff 
and visitors. 

h. Service and maintain, and clean kitchens on a daily basis. Provide and 

continuously stock with all associated consumables and supplies as and when 

requested or required, including drinking water, milk, sugar, tea and coffee 

beverages. 


eae ge 


K. Computers for the Engineer: 


Located in Engineer’s field offices. Install, connect and configure hardware and install 
software as directed, including interface with existing computer installations to provide a 
complete and fully operational, single network, computer system installation, to the 
satisfaction of the Engineer: 


1. Thirty One (31) PCs. as specified under 2.2 E (1) 

2. UPS Equipment: Supplement and extend existing UPS as required to provide a 
minimum 8 (eight) hour back-up for the entire computer system installation, new and 
existing. 


3: Software: As specified. 
4. Internet Connection: As specified. 
5: 31 computer workstations. 
6. Regularly service, and maintain new computer equipment and combined system 
installations in serviceable and operable condition. 
L. Temporary car-port shade structures for Twenty (20) vehicles adjacent to the 


Employer/Engineer field offices, including temporary paved vehicular access, car-port hard- 
standing and walkways. 


M. Temporary Roads and paved areas: 


Construct and maintain temporary asphalted roads and paved areas adequate to support 
loads and to withstand exposure to traffic during the construction period. Submit proposals 
and obtain prior approval from the Engineer for the proposed location of temporary roads 
and paved areas. Coordinate elevation of temporary roads and paved areas, provide and 
prepare sub-grade and install subbase and base and hot mixed asphalt pavement Comply 
with applicable requirements in appropriate sections of the Specification for sub-grade, sub- 
base and base course and finish asphalted courses construction of temporary road and 
paving areas. 


1. Extend temporary roads and paved areas, within construction limits, indicated, as 
necessary for construction operations, including delivery and storage of materials, 
equipment usage, administration and supervision. 
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N. Traffic Controls: Comply with requirements of authorities having jurisdiction. Include 
warning signs for public traffic and "STOP" signs for entrance onto public roads. Comply 
with requirements of authorities having jurisdiction. 


1. Protect existing site improvements to remain including curbs, pavement, and utilities. 
2: Maintain access for fire-fighting equipment and access to fire hydrants. 
O. Dewatering Facilities and Drains: Comply with requirements of authorities having 


jurisdiction. in applicable specification Sections for temporary drainage and dewatering 
facilities and operations not directly associated with construction activities included in 
individual sections. Where feasible, use the same facilities Maintain Project site, 
excavations, and construction free of water. 


1. Dispose of rainwater in a lawful manner that will not result in flooding Project or 
adjoining properties nor endanger permanent Work or temporary facilities. 


P. Project Identification and Temporary Signs: Provide and install Project identification 
name board, size and lettering and supports are subject to the approval of the Engineer. 
Install signs to inform the public generally and persons seeking entrance to Project. Do not 
permit the installation of unauthorized signs. 


1. Design, fabricate and erect one (1) project identification signs in approved locations. 
Support on posts or framing of paint finished, preservative-treated wood or 
galvanized steel. 

2. Engage an experienced sign manufacturer to apply graphics for Project identification 
signs related to this package. Write sign in both English and Urdu, and include: 


Project name. 

Employer's name, style and logo. 

Engineer name, style and logo 

Contractor's name, style and logo. 

Such other names, details and information as permitted and/or directed. 
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3. Provide other appropriate temporary signs to provide directional and safety 
information to construction personnel and visitors 
4. Maintain and touch up signs so they are legible at all times. 


Q. Waste Disposal Facilities: Provide waste-collection containers in sizes adequate to handle 
waste from construction operations. Comply with requirements of authorities having 
jurisdiction. Comply with Division01 Section "Execution" for progress cleaning 
requirements. 


R. Lifts and Hoists: Provide facilities necessary for hoisting materials and personnel. 


1. Truck cranes and similar devices used for hoisting materials are considered "tools and 
equipment" and not temporary facilities. 


S. Janitorial Services: Provide janitorial cleaning services on a daily basis for all temporary 
offices, toilets, wash facilities, and similar areas. 


T. Storage and Fabrication Sheds: Provide sheds sized, furnished, and equipped to 
accommodate materials and equipment involved, including temporary utility services. Sheds 
may be open shelters or fully enclosed spaces within the building or elsewhere on-site. 
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3.4 


Construction Aids and Miscellaneous Facilities: Provide all necessary aids and 
miscellaneous facilities incidental and ancillary to the safe and efficient execution of 
construction operations and the carrying out of work in a proper workmanlike manner, 
including but not necessarily limited to: 


Scaffolds, ladders, walkways, platforms and guardrails. 

Protective screens, chutes, coverings and roofs. 

Small tools; hand and power operated. 

Mechanical plant, machinery and equipment; stationary and mobile. 

Tower cranes. 

Truck-mounted cranes. 

Transportation equipment and vehicles; on and off Site. 

Lifts and hoists for materials and workmen. 

Protective clothing, including helmets, goggles, ear protectors and steel-toed safety 
boots. 
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SECURITY AND PROTECTION FACILITIES INSTALLATION 


Environmental Protection: Provide protection, operate temporary facilities, and conduct 
construction in ways and by methods that comply with environmental regulations and that 
minimize possible air, waterway, and subsoil contamination or pollution or other 
undesirable effects. Avoid using tools and equipment that produce harmful noise. Restrict 
use of noisemaking tools and equipment to hours that will minimize complaints and 
nuisance to persons or establishments near the Site. 


1. Comply with work restrictions specified in Division 01 Section "Summary." 


Temporary Erosion and Sedimentation Control: Comply with requirements of the 2003 EPA 
Construction General Permit or authorities having jurisdiction, whichever is more stringent 
and requirements specified in Division 31 Section "Site Clearing." 


Stormwater Control: Comply with requirements of authorities having jurisdiction. Provide 
barriers in and around excavations and subgrade construction to prevent flooding by runoff 
of stormwater from heavy rains. 


Tree and Plant Protection: Install temporary fencing located as indicated or outside the drip 
line of trees to protect vegetation from damage from construction operations. Protect tree 
root systems from damage, flooding, and erosion. 


Pest Control: Engage pest-control services to recommend practices to minimize the 
attraction and harboring of rodents, roaches, and other pests and to perform extermination 
and control procedures at regular intervals so Project will be free of pests and their residues 
at Substantial Completion. Obtain an extended warranty for the Employer. Perform control 
operations lawfully, using environmentally safe materials. 


Security Enclosure and Lockup: Install substantial temporary enclosure around partially 
completed areas of construction. Provide lockable entrances to prevent unauthorized 
entrance, vandalism, theft, and similar violations of security. 


1. Secure Storage: Where materials and/or equipment are of high value or attractive for 
theft, provide a secure lockup. Enforce discipline in connection with the installation 
and release of such materials and/or equipment to minimize the opportunity for theft. 
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G. Temporary Enclosures: Provide temporary enclosures for the protection of construction, in 
progress and completed, from exposure, inclement weather, other construction operations, 
and similar activities. 


1. Where heating or cooling is needed and permanent enclosure is not complete, provide 
insulated temporary enclosures. Coordinate enclosure with ventilating and material 
drying or curing requirements to avoid dangerous conditions and effects. 


2. Vertical Openings: Close openings of 2.5 m? or less with plywood or similar 
materials. 

3. Horizontal Openings: Close openings in floor or roof decks and horizontal surfaces 
with load-bearing, wood-framed construction. 

4. Install tarpaulins securely using fire-retardant-treated wood framing and other 
materials. 

H. Temporary Partitions: Where necessary, construct, erect and maintain dustproof partitions 
and temporary enclosures to limit dust and dirt migration, and to separate areas from fumes 
and noise. 

I. Temporary Fire Protection: Until fire-protection needs are supplied by permanent facilities, 


install and maintain temporary fire-protection facilities of types needed to protect against 
reasonably predictable and controllable fire losses. Comply with NFPA 241. Strictly 
observe all requirements and recommendations pertaining to fire safety on construction 


sites. 

1. Provide fire extinguishers, installed on walls on mounting brackets, visible and 
accessible from the space being served, with a sign mounted above. 

a. Field Offices: Class A stored-pressure water-type extinguishers. 

b. Other Locations: Class ABC dry-chemical extinguishers or a combination of 
extinguishers of NFPA-recommended classes for exposures. 

c. Locate fire extinguishers where convenient and effective for their intended 
purpose; provide not less than one extinguisher on each floor at or near each 
usable stairwell. 

2. Store combustible materials in containers in fire-safe locations. 

3. Maintain unobstructed access to fire extinguishers, fire hydrants, temporary fire- 
protection facilities, stairways, and other access routes for firefighting. Prohibit 
smoking in hazardous fire-exposure areas. 

4. Supervise welding operations, combustion-type temporary heating units, and similar 
sources of fire ignition. 

5. Permanent Fire Protection: At the earliest feasible date in each area of Works, 


complete installation of permanent fire-alarm and fire-protection facilities, including 
connected services, and place into operation and use. Instruct key personnel on the 
use of facilities. 

6. Develop and supervise an overall fire-prevention and first-aid fire-protection program 
for personnel at the Site. Review needs with the local fire department and established 
procedures to be followed. Instruct personnel in methods and procedures. Post 
warnings and information. 

7. Provide temporary standpipes and hoses for fire protection. Hang hoses with a 
warning sign stating that hoses are for fire-protection purposes only and are not to be 
removed. Match hose size with outlet size and equip with suitable nozzles. 
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3.5 


Site Enclosure Fence: Before construction operations begin, furnish and install a site 
enclosure fence in a manner that will prevent people and animals from easily entering the 
site except by entrance gates. The fence shall be of Chain-Link Fencing: Minimum 2-inch 
(50-mm), 0.148-inch- (3.8-mm-) thick, galvanized steel, chain-link fabric fencing; minimum 
(3.5 m) high with galvanized steel pipe posts; minimum (75-mm-) OD line posts and - (75- 
mm-) OD corner and pull posts, with the galvanized barbed-wire top strand 


1. Extent of Fence: enclose the entire layout site granted to the contractor as indicated 
on the Drawings. 


Security Enclosure and Lockup: Provide lockable entrances to prevent unauthorized 
entrance, vandalism, theft, and similar violations of security. Lock entrances at end of each 
work day. 


Barricades, Warning Signs, and Lights: Comply with requirements of authorities having 
jurisdiction for erecting structurally adequate barricades, including warning signs and 
lighting. 


Temporary Egress: Maintain temporary egress from existing occupied facilities as indicated 
and as required by authorities having jurisdiction. 


OPERATION, TERMINATION, AND REMOVAL 


Supervision: Enforce strict discipline in the use of temporary facilities. To minimize waste 
and abuse, limit the availability of temporary facilities to essential and intended uses. 


Maintenance: Maintain facilities in good operating condition until removal. 


1. Maintain operation of temporary enclosures, heating, cooling, humidity control, 
ventilation, and similar facilities on a 24-hour basis where required to achieve 
indicated results and to avoid the possibility of damage. 


Termination and Removal: Remove each temporary facility when the need for its service 
has ended, when it has been replaced by authorized use of a permanent facility, or no later 
than Substantial Completion. Complete or, if necessary, restore permanent construction that 
may have been delayed because of interference with the temporary facility. Repair damaged 
Work, clean exposed surfaces, and replace construction that cannot be satisfactorily 
repaired. 


1. Materials and facilities that constitute temporary facilities are property of the 
Contractor. Employer reserves right to take possession of Project identification signs. 
2: Remove temporary roads and paved areas not intended for or acceptable for 


integration into permanent construction. Where the area is intended for landscape 
development, remove soil and aggregate fill that do not comply with requirements for 
fill or subsoil. Remove materials contaminated with road oil, asphalt and other 
petrochemical compounds, and other substances that might impair the growth of plant 
materials or lawns. Repair or replace street paving, curbs, and sidewalks at 
temporary entrances, as required by authorities having jurisdiction. 

3. At Substantial Completion, repair, renovate, and clean permanent facilities used 
during the construction period. Comply with final cleaning requirements specified in 
Division 01 Section "Closeout Procedures." 


END OF SECTION 015000 
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SECTION 015530 - TEMPORARY TRAFFIC MANAGEMENT 


PART 1 - GENERAL 


1.1 SUMMARY 


A. This work shall consist of the construction of diversion roads, temporary road works, 
providing and maintaining traffic signs, signals, hazard markers, warning tapes, flashlights, 
detours markings, barriers, barricades complete in all respects, including traffic control, 
protection and management of traffic. 


1.2 WORK SEQUENCE 


A. The Contractor shall divert the existing two-way traffic of the Jam Sadiq bridge once the new 
bridge is constructed. The Contractor shall provide temporary barricades / N.J. Barriers in the 
center for maintaining the two-way traffic on the newly constructed bridge. If the Contractor 
requires to construct a temporary road for ease in the traffic diversion before and after the 
bridge, he shall provide, maintain, and remove on completion of the works for which they are 
required, all temporary road works such as detours, road works, maintaining unstable ground 
and shall make them safe and suitable in every respect for maintaining two-way diverted 
traffic at a reasonable speed. The Contractor shall construct diversion / detour roads as per 
the approved road pavement section. 


B. After the rehabilitation works on the existing Jam Sadiq bridge, the Contractor shall divert 
one direction of the traffic on the rehabilitated Jam Sadiq bridge, so to allow the construction 
of lane separators for the BRT lanes. The Contractor shall so conduct his operations as to 
offer the least possible obstruction, inconvenience, and delay to traffic and shall be 
responsible for the adequate control of the traffic. 


C. At places where the traffic is in operation, the movement of the Contractor’s equipment from 
one portion of the work to another shall not obstruct and hinder the movement of the traffic. 
Spillage resulting from haulage operations along or across the roadway shall be removed 
immediately at the Contractor's expense. 


PART 2 - PRODUCTS 


1.1 PROJECT INFORMATION SIGNS 


A. The Contractor shall within the mobilization period, erect project information signs at all 
main roads crossing the project area and at the beginning and end of the contract. The size of 
the project information signs and the message shall be determined by the Employer. 


1.2 MATERIAL REQUIREMENT 
A. Materials of which road posts, hazard markers, warning tapes, traffic signs, flashing amber 


lights, signals, barricades, barriers, diversion cones, big cones, bollards, detours (Chevron) 
etc. shall conform to BS or ASTM standards. 


B. Materials uses in the Construction of Temporary Road works shall provide a reasonably 
smooth and strong surface to carry the traffic. 
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PART 3 - EXECUTION 


1.1 


1.2 


TRAFFIC CONTROL 


The Contractor shall erect and maintain at prescribed points on the works and at the 
approaches to the work, traffic signs, signals, illumination, flares, barricades and other 
facilities for the direction and control of traffic. 


Traffic signs, signals, hazard markers, warning tapes, flashing amber lights, diversion cones, 
bollards etc. shall be so placed as to be easily and opportunely visible to oncoming traffic to 
ensure drivers will know immediately what instructions they are to follow. 


Adequate tapers are needed for lane drops or at locations where traffic must be shifted 
laterally. 


All traffic control devices and pavement markings shall be provided for complete day and 
night effectiveness. 


Where required, the Contractor shall furnish and station competent flagmen, whose sole duty 
shall consist of directing the movement of traffic through or around the work. 


CONSTRUCTION REQUIREMENT 


Before constructing temporary road works, the Contractor shall make all necessary 
arrangements, and he shall obtain the approval of the Employer/Engineer. Such approval will 
not, however, relieve the Contractor ho his contractual obligations. Upon completion of the 
works, the Contractor shall clean up and restore the land and shall be very near to its original 
condition. 


END OF SECTION 015530 
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SECTION 016000 - PRODUCT REQUIREMENTS 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including Conditions of Contract and other 
Division 1 Specification Sections, apply to this Section. 


1.2 SUMMARY 


A. This Section includes administrative and procedural requirements relating to products to be 
used in the Work, including the following: 


1. Selection of products for the Works. 
2: Quality assurance. 
3. Product delivery, storage, and handling. 
4. Product warranties. 
5. Special warranties. 
6. Product substitutions. 
7. Comparable products 
B. If the requirements in this Section contradict with requirements in other Sections, the more 


stringent requirements shall prevail. 


C. Related Sections include the following: 


1. Division 01 Section "References" for applicable industry standards for products 
specified. 

2: Division 01 Section "Closeout Procedures" for submitting warranties for contract 
closeout. 

3. Divisions 02 through 34 Sections for specific requirements for warranties on products 


and installations specified to be warranted. 


1.3 DEFINITIONS 


A. Products: Items purchased for incorporating into the Work, whether purchased for Project or 
taken from previously purchased stock. The term "product" includes the terms "material," 
"equipment," "system," and terms of similar intent. 


1. Named Products: Items identified by manufacturer's product name, including make or 
model number or other designation, shown or listed in manufacturer's published 
product literature, that is current as of the date of the Contract Documents. 

2. New Products: Items that have not previously been incorporated into another project 
or facility. Products salvaged or recycled from other projects are not considered new 
products. 

3. Comparable Product: Product that is demonstrated and approved through the submittal 
process, to have the indicated qualities related to type, function, dimension, in-service 
performance, physical properties, appearance, and other characteristics that equal or 
exceed those of the specified product. 
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B. Substitutions: Changes in products, materials, equipment, and methods of construction from 
those required by the Contract Documents and proposed by the Contractor. 


C. Basis-of-Design Product Specification: Where a specific manufacturer's product is named and 
accompanied by the words "basis of design," including make or model number or other 
designation, to establish the significant qualities related to type, function, dimension, in- 
service performance, physical properties, appearance, and other characteristics for purposes 
of evaluating comparable products of additional manufacturers named in the Specification. 


D. Manufacturer's Instructions and Manufacturer's Recommendations means the latest published 
or printed version of ‘manufacturer's written instructions and ‘manufacturer's written 
recommendations. 


E. Manufacturer's Warranty: Preprinted written warranty published by the individual 
manufacturer for a particular product and specifically endorsed by the manufacturer to the 
Employer. 


F: Special Warranty: Written warranty required by or incorporated into the Contract Documents, 
whether to extend time limit provided by manufacturer's warranty, or to provide for joint and 
several liability, or to provide more rights for Employer. 


G. Manufacturers’ names listed in the specifications are intended to show the minimum 
acceptable product standards and are not intended to be exclusive. 


1. Products of other manufacturers that are equivalent to the specified product may be 
accepted subject to the conditions set in this section and in the specification sections. 
2; Reference to a manufacturer’s name or product shall not be interpreted as an approval 


of this manufacturer or all his product line. Submission for approval of the 
manufacturer and a specific product is mandatory. 


1.4 ACTION SUBMITTALS 


A. Product List: Prepare and submit a list, in tabular form, identifying specified products. 
Include generic names of products required. Include the manufacturer's and supplier's name 
and proprietary product name for each product. 


1. Coordinate product list with Contractor's Construction Programme, the Submittals 
Schedule, and the Subcontract List. 

2. Form: Tabulate information for each product under the following column headings: 
a. Specification Section number and title. 
b. Generic name used in the Contract Documents. 
c. Specified warranty requirements, if any. 
d. Proprietary name, model number, and similar designations. 
e. Manufacturer's name and address. 
f. Supplier's name and address. 
g. Installer's name and address. 
h. Total quantity required for the Works. 
i. Projected delivery date or, if multiple deliveries, first and last delivery dates. 
j. Identification of items that require early submittal approval for scheduled 

delivery date. 
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3. Initial Submittal: Within 14 days after Commencement Date, submit 3 copies of the 
initial product list. Include a written explanation for omissions of data and for 
variations from Contract requirements. 


a. At the Contractor's option, initial submittal may be limited to product selections 
and designations that must be established early in the Contract period. 


4. Completed List: Within 28 days after Commencement Date, submit 3 copies of the 
completed product list. Include a written explanation for omissions of data and for 
variations from Contract requirements. 

5 Engineer's Action: The Engineer will respond in writing to the Contractor within 14 
days of receipt of the completed product list. The Engineer's response will include a 
list of unacceptable product selections and a brief explanation of the reasons for this 
action. The Engineer's response, or lack of response, does not constitute a waiver of the 
requirement that products comply with the Contract Documents. 


B. Product Data: Collect information into a single submittal for each element of construction and 
type of product or equipment. 


1. If information must be specially prepared for submittal because standard printed data 
are not suitable for use, submit as Shop Drawings, not as Product Data. 
2: Mark each copy of each submittal to show which products and options are applicable. 
3. Include the following information, as applicable: 
a. Manufacturer's written recommendations. 
b. Manufacturer's product specifications. 
c. Manufacturer's installation instructions. 
d. Standard color charts. 
e. Manufacturer's catalog cuts. 
f. Wiring diagrams showing factory-installed wiring. 
g. Printed performance curves. 
h. Operational range diagrams. 
i. Mill reports. 
j. Standard product operation and maintenance manuals. 
k. Compliance with specified referenced standards. 
l. Testing by a recognized testing agency. 
m. Application of testing agency labels and seals. 
n. Notation of coordination requirements. 
4. Submit Product Data before or concurrent with Samples. 
C. Compliance Statement: Submit a copy of project specifications identifying on each item 


whether or not the submission complies with that requirement. 


D. Copy of Product Warranty. 


E. The Engineer reserves the right to request further clarifications and particulars regarding any 
submission. 
F. Substitution Requests: Submit three copies of each request for consideration. Identify the 


product or fabrication or installation method to be replaced. Include Specification Section 
number and title and Drawing numbers and titles. 


1. Substitution Request Form: Use form provided by Engineer. 
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2: Documentation: Show compliance with requirements for substitutions and the 
following, as applicable: 


a. 
b. 


pmi. 


Statement indicating why specified material or product cannot be provided. 
Coordination information, including a list of changes or modifications needed to 
other parts of the Work and to construction performed by the Employer and 
separate contractors, that will be necessary to accommodate the proposed 
substitution. 

Detailed comparison of significant qualities of proposed substitution with those 
of the Work specified. Significant qualities may include attributes such as 
performance, weight, size, durability, visual effect, and specific features and 
requirements indicated. 

Identify the product to be replaced. Include detailed comparison in matrix form 
between specified materials and proposed ones. 

Product Data, including drawings and descriptions of products and fabrication 
and installation procedures. 

Samples, where applicable or requested. 

List of similar installations for completed projects with project names and 
addresses and names and addresses of architects and owners. 

Material test reports to the same standards from a qualified testing agency, 
approved by Engineer, indicating and interpreting test results for compliance 
with requirements indicated. 

Research/evaluation reports evidencing compliance with building code in effect 
for Project, from a model code organization acceptable to authorities having 
jurisdiction. 

Detailed comparison of Contractor's Construction Schedule using proposed 
substitution with products specified for the Work, including the effect on the 
overall Contract Time. If a specified product or method of construction cannot 
be provided within the Contract Time, include a letter from the manufacturer, on 
the manufacturer's letterhead, stating lack of availability or delays in delivery. 
Cost information, including a proposal of savings, if any, in the Contract Price. 
Contractor's certification that proposed substitution complies with requirements 
in the Contract Documents and is appropriate for the applications indicated. 
Contractor's waiver of rights to additional payment or time that may 
subsequently become necessary because of failure of proposed substitution to 
produce indicated results. 


3. Engineer's Action: If necessary, the Engineer will request additional information or 
documentation for evaluation. The Engineer will notify the Contractor of acceptance 
or rejection of the proposed. 


a. Form of Acceptance: Change Order. 
b. Use product specified if Engineer cannot make a decision on use of a proposed 
substitution within the time allocated. 
G. Comparable Product Requests: Submit a request for consideration of each comparable 


product. Identify the product or fabrication or installation method to be replaced. Submit 
three copies of each request for consideration. Include Specification Section number and title 
and Drawing numbers and titles. 


1. Request Form: Use a form acceptable to Engineer. 
2: Documentation: Show compliance with requirements for approval of an unnamed 
product. 
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3. Engineer's Action: If necessary, the Engineer will request additional information or 
documentation for evaluation within one week of receipt of a request. The Engineer 
will notify the Contractor of acceptance or rejection of the proposed comparable 
product within 28 days of receipt of the request, or within 14 days of receipt of 
additional information or documentation, whichever is later. 


a. Form of Acceptance: Variation Order, without additional compensation. 
b. Use product specified if Engineer does not make a decision on the use of a 
proposed comparable product within the time allocated. 


H. This specification is based on US codes and standards. An accredited and approved 
laboratory/ certification agency shall provide technical assessment regarding the suitability of 
products and tests made to other approved international standards to provide equal or better 
performance. 


1. The technical assessment shall comprise a detailed technical comparison between the two 
standards. 

2. The most stringent code shall prevail. 

3. The Engineer, in all cases, has the right to evaluate such comparison and request from the 
contractor to abide by the specified standard. 


I. Basis-of-Design Product Specification Submittal: Comply with requirements in Division 01 
Section "Submittal Procedures." Show compliance with requirements. 


J. Products Manufactured under license: Contractor submitting products in accordance with 
these specifications manufactured by a company other than the one specified and in another 
country shall submit also: 


1. A letter from the original manufacturing company listed in the specifications certifying 
that the product submitted is manufactured under license and subject to quality control 
and supervision from the original manufacturing company. 


2. Both the original manufacturing company and the subsidiary company shall have 
Quality Management System such as ISO 9001 and 9002 

3. The submitted product under license is equivalent to the original specified product in 
all respects. 

4. The Engineer has the right to request further testing in an approved independent 


laboratory to demonstrate that the product manufactured under license is equivalent in 
all respects to the product manufactured by the original company. 


1.5 QUALITY ASSURANCE 


A. Alternative Equivalent Standards: Product references to industry standards establish 
quantitative and qualitative attributes, characteristics and properties, required to be inherent 
in the specified product. Standard products not conforming to referenced standards, but 
otherwise exhibiting the same essential properties and conforming to another recognized 
equivalent industry standard may be used, subject to approval and compliance with other 
specified requirements. 


1. Recognized standards are those which are listed in Division 01 Section "References". 
2. Comply with provisions in "Comparable Products" Article to obtain approval for use 
of a product conforming with an alternative equivalent standard. 
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B. Compatibility of Options: If the Contractor is given the option of selecting between two or 
more products for use on the Project, the product selected shall be compatible with products 
previously selected, even if previously selected products were also options. 


1. Each contractor is responsible for providing products and construction methods 
compatible with the products and construction methods of other contractors. 
2. If a dispute arises between contractors over concurrently selectable but incompatible 


products, the Engineer will determine which products shall be used. 


C. Source Limitations: To the fullest extent possible, provide products of the same type and kind 
from a single source. 


1. If a specified product is available only from a source that cannot produce or supply 
sufficient quantities to execute and/or complete Project requirements in a timely 
manner, request the Engineer to determine the most essential qualities, attributes and 
characteristics required in the specified product, in order to select a comparable product 
possessing the same relevant, significant properties. 

2: Comply with provisions in "Comparable Products" Article to obtain approval for use 
of an unnamed product. 


D. Compliance with Contract Documents: The Contractor shall fully and unconditionally comply 
with the requirements set in the Contract Documents. Any qualifying statement should be 


clearly and explicitly mentioned and subject to the approval of the Engineer. 


E. Manufacturers’/ Installers’ Qualifications: submit manufacturer / supplier profile form. 


1.6 PRODUCT DELIVERY, STORAGE, AND HANDLING 


A. Deliver, store, and handle products using means and methods that will prevent damage, 
deterioration, and loss, including theft. Comply with manufacturer's written instructions. 


B. Delivery and Handling: 


1. Schedule delivery to minimize long-term storage at the Project site and to prevent 
overcrowding of construction spaces. 
2: Coordinate delivery with installation time to ensure minimum holding time for items 


that are flammable, hazardous, easily damaged, or sensitive to deterioration, theft, and 
other losses. 

3. Deliver products to the Project site in an undamaged condition in the manufacturer's 
original sealed container or other packaging system, complete with labels and 
instructions for handling, storing, unpacking, protecting, and installing. 

4. Inspect products on delivery to ensure compliance with the Contract Documents and to 
ensure that products are undamaged and properly protected. 


C. Storage 
1. Store products to allow for inspection and measurement of quantity or counting of 
units. 
2: Store materials in a manner that will not endanger the Project structure. 
3. Store products that are subject to damage by the elements, under cover in a weather- 
tight enclosure above ground, with ventilation adequate to prevent condensation. 
4. Protect foam plastic from exposure to sunlight, except to the extent necessary for the 


period of installation and concealment. 
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5. Comply with product manufacturer's written instructions for temperature, humidity, 
ventilation, and weather-protection requirements for storage. 

Protect stored products from damage. 

Provide a secure location and enclosure at the Works site for storage of materials and 
equipment, if any, to be furnished by the Employer. Coordinate location with Engineer. 


SD 


1.7 PRODUCT WARRANTIES 


A. Warranties specified in other Sections shall be in addition to, and run concurrent with, other 
watranties required by the Contract Documents. Manufacturer's disclaimers and limitations 
on product warranties do not relieve the Contractor of any obligations under the requirements 
of the Contract Documents. 


1. Provide complete total system warranty in which Manufacturer Installer and Contractor 
are jointly and severally responsible and agree to repair or replace, without limitations, 
all or any part of the products warranted. Warranty shall cover materials and 


workmanship. 

2. All costs of repairing any defects in the works or consequential costs due to this defect 
shall be borne by the warrantors. 

3. Special Warranty: Written warranty required by or incorporated into the Contract 


Documents, either to extend the time limit provided by the manufacturer's warranty or 
to provide more rights for the Employer. 


4. Refer to Divisions 2 through 34 Sections for specific content requirements and 
particular requirements for submitting special warranties. 
5. Submit the form of warranty for the Engineer’s approval. 
B. Warranty Requirements: 
1. Related Damages and Losses: When correcting failed or damaged warranted 


construction, remove and replace construction that has been damaged as a result of such 
failure or must be removed and replaced to provide access for correction of warranted 
construction. 

2: Reinstatement of Warranty: When Work covered by a warranty has failed and been 
corrected by replacement or rebuilding, reinstate the warranty by written endorsement. 
The reinstated warranty shall be equal to the original warranty with an equitable 
adjustment for depreciation. 

3. Replacement Cost: Upon determination that Work covered by a warranty has failed, 
replace or rebuild the Work to an acceptable condition complying with requirements 
of the Contract Documents. The Contractor is responsible for the cost of replacing or 
rebuilding defective Work regardless of whether the Employer has benefited from the 
use of the Work through a portion of its anticipated useful service life. 

4. Employer's Recourse: Expressed warranties made to the Employer are in addition to 
implied warranties and shall not limit the duties, obligations, rights, and remedies 
otherwise available under the law. Expressed warranty periods shall not be interpreted 
as limitations on the time in which the Employer can enforce such other duties, 
obligations, rights, or remedies. 


C. Rejection of Warranties: The Employer reserves the right to reject warranties and to limit the 
selection to products with warranties, not in conflict with the requirements of the Contract 
Documents. 

D. Where the Contract Documents require a special warranty, or similar commitment on the 


Work or part of the Work, the Employer reserves the right to refuse to accept the Work, until 
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E. 


F. 


the Contractor presents evidence that entities required to countersign such commitments are 
willing to do so. 


Manufacturer's and Special Warranties: Prepare a written document, ready for execution, that 
contains appropriate terms and conditions, and identifies the commencement date and 
warranty period, Submit a draft and obtain Engineer's written approval before final execution. 


1. Manufacturer's Standard Form: Modified to include Project-specific requirements and 
information, and properly executed; or 

2: Special Form: Individually prepared and specially drafted to include Project-specific 
requirements and information, and properly executed. 

3. Refer to Divisions 2 through 34 Sections for specific content requirements and 
particular requirements for submitting special warranties. 


Submittal of Warranties: Comply with requirements in Division 01 Section "Closeout 
Procedures." 


PART 2 - PRODUCTS 


2.1 PRODUCT SELECTION PROCEDURES 
A. General Product Requirements: Provide products that comply with the Contract Documents, 
that are undamaged, and unless otherwise indicated, that are new at the time of installation. 

1. Provide products complete with all accessories, trim, finish, fasteners, and other items 
needed for a complete installation and indicated use and effect. 

Di Standard Products: If available, and unless custom products or nonstandard options 
are specified, provide standard products of types that have been produced and used 
successfully in similar situations on other projects. 

3. The Employer reserves the right to limit the selection to products with warranties not 
in conflict with the requirements of the Contract Documents. 

4. Where products are accompanied by the term “as selected,” the Engineer will make a 
selection. 

J. Where products are accompanied by the term “match sample,” the sample to be 
matched the Engineer’s sample. 

6. Descriptive, performance, and reference standard requirements in the Specifications 
establish "salient characteristics" of products. 

7. Or Approved Equal: Where products are specified by name and accompanied by such 
terms as "or other equal and approved", “or approved”, "or approved equal" or "or 
equal", comply with provisions in "Comparable Products" Article to obtain approval 
for use of an unnamed product. 

a. Engineer reserves the right to limit the selection to named products specified. 
b. Unless otherwise agreed, contract unit rates and prices will be deemed to be 
based on the use of named products specified in the Contract Documents. 
B. Product Selection Procedures: Procedures for product selection include the following: 

1. Product: Where Specification paragraphs or subparagraphs titled "Product" name a 
single product and manufacturer, provide the product named, unless otherwise 
indicated. 
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2. Manufacturer/Source: Where Specification paragraphs or subparagraphs titled 
"Manufacturer" or "Source" name single manufacturers or sources, provide a product 
by the manufacturer or from the source named that complies with requirements, unless 
otherwise indicated. 

3. Products: Where Specification paragraphs or subparagraphs titled "Products" 
introduce a list of names of both products and manufacturers, provide one of the 
products listed that complies with requirements, unless otherwise indicated. 


a. Restricted List: Where Specifications include a list of names of both 
manufacturers and products, provide one of the products listed that complies 
with requirements. Comparable products or substitutions for the Contractor's 
convenience will not be considered unless otherwise indicated. 

b. Nonrestricted List: Where Specifications include a list of names of both 
available manufacturers and products, provide one of the products listed, or an 
unnamed product, that complies with requirements. Comply with requirements 
in "Comparable Products" Article for consideration of an unnamed product. 

4. Manufacturers: Where Specification paragraphs or subparagraphs titled 

"Manufacturers" introduce a list of manufacturers' names, provide a product by one of 

the manufacturers listed that complies with requirements, unless otherwise indicated. 


a. Restricted List: Where Specifications include a list of manufacturers' names, 
provide a product by one of the manufacturers listed that complies with 
requirements. Comparable products; substitutions for Contractor's convenience 
will not be considered unless otherwise indicate]. 

b. Nonrestricted List: | Where Specifications include a list of available 
manufacturers, provide a product by one of the manufacturers listed, or a product 
by an unnamed manufacturer, that complies with requirements. Comply with 
requirements in "Comparable Products” Article for consideration of an unnamed 
manufacturer's product. 


5: Available Products: Where Specification paragraphs or subparagraphs titled 
"Available Products" introduce a list of names of both products and manufacturers, 
provide one of the products listed or another product that complies with requirements. 
Comply with provisions in "Comparable Products" Article to obtain approval for use 
of an unnamed product. 

6. Available Manufacturers: Where Specification paragraphs or subparagraphs titled 
"Available Manufacturers" introduce a list of manufacturers' names, provide a product 
by one of the manufacturers listed or another manufacturer that complies with 
requirements. Comply with provisions in "Comparable Products" Article to obtain 
approval for use of a product of an unnamed manufacturer. 

7. Product Options: Where Specification paragraphs titled "Product Options" indicate 
that size, profiles, and dimensional requirements on Drawings are based on a specific 
product or system, provide either the specific product or system indicated or a 
comparable product or system by another manufacturer. Comply with provisions in 
"Comparable Products" Article to obtain approval for use of an unnamed product. 

8. Basis-of-Design Product: Where Specifications name a product, or refer to a product 
indicated on Drawings, and include a list of manufacturers, provide the specified or 
indicated product or a comparable product by one of the other named manufacturers. 
Drawings and Specifications indicate sizes, profiles, dimensions, and other 
characteristics that are based on the product named. Comply with requirements in 
"Comparable Products" Article for consideration of an unnamed product by one of the 
other named manufacturers. 
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10. 


Visual Matching Specification: Where Specifications require matching an established 
Sample, select a product (and manufacturer) that complies with requirements and 
matches the Engineer's sample. The Engineer's decision will be final on whether a 
proposed product matches satisfactorily. 


a. If no product available within specified category matches and complies with 
other specified requirements, comply with provisions in Part 2 "Comparable 
Products” Article for proposal of product. 


Visual Selection Specification: Where Specifications include the phrase "as selected 
from manufacturer's colors, patterns, and textures" or a similar phrase, select a product 
(and manufacturer) that complies with other specified requirements. 


a. Standard Range: Where Specifications include the phrase "standard range of 
colors, patterns, textures" or a similar phrase, the Engineer will select color, 
pattern, density, or texture from the manufacturer's product line that does not 
include premium items. 

b. Full Range: Where Specifications include the phrase "full range of colors, 
patterns, textures" or a similar phrase, the Engineer will select color, pattern, 
density, or texture from the manufacturer's product line that includes both 
standard and premium items. 


2.2 PRODUCT SUBSTITUTIONS 


A. Conditions: The Engineer will consider Contractor's request for substitution when the 
following conditions are satisfied. If the following conditions are not satisfied, Engineer will 
return requests without action, except to record noncompliance with these requirements: 


1. 


2 


Requested substitution offers Employer a substantial advantage in cost, time, energy 
conservation, or other considerations, after deducting additional responsibilities 
Employer must assume. Employer's additional responsibilities may include 
compensation to Engineer for redesign and evaluation services, increased cost of other 
construction by Employer, and similar considerations. 

Requested substitution does not require extensive revisions to the Contract Documents. 
Requested substitution is consistent with the Contract Documents and will produce 
indicated results. 

Substitution request is fully documented and properly submitted. 

Requested substitution will not adversely affect the Contractor's Construction 
Schedule. 

Requested substitution has received the necessary approvals of authorities having 
jurisdiction. 

Requested substitution is compatible with other portions of the Work. 

Requested substitution has been coordinated with other portions of the Work. 
Requested substitution provides a specified warranty. 

Requested substitution includes a full comparison between specified and proposed 
material. 

If requested substitution involves more than one contractor, requested substitution has 
been coordinated with other portions of the Work, is uniform and consistent, is 
compatible with other products, and is acceptable to all contractors involved. 
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2.3 COMPARABLE PRODUCTS 


A. Conditions: The Engineer will consider Contractor's request for the comparable product when 
the following conditions are satisfied. If the following conditions are not satisfied, Engineer 
will return requests without action, except to record noncompliance with these requirements: 


B. Where products are specified by name or industry standard, submit the following, in addition 
to other required submittals, to obtain approval of an unnamed or alternative equivalent 
industry standard, product: 


1. Evidence that the proposed product does not require extensive revisions to the Contract 
Documents, that it is consistent with the Contract Documents and will produce the 
indicated results, and that it is compatible with other portions of the Work. 

2. Detailed comparison of significant qualities of proposed product with those named in 
the Specifications. Significant qualities include attributes such as performance, weight, 
size, durability, visual effect, and specific features and requirements indicated. 

3. Evidence that the proposed product provides a specified warranty, if any. 

4. List of similar installations for completed projects with project names and addresses 
and names and addresses of architects/engineers and employers, if requested. 

5. Samples, if requested. 


PART 3 - EXECUTION (Not Used) 


END OF SECTION 016000 
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SECTION 017300 - EXECUTION 


PART 1 - GENERAL 


1.1 


A. 


1.2 


1.3 


1.4 


RELATED DOCUMENTS 


Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Specification Sections, apply to this Section. 


SUMMARY 


This Section includes general administrative and procedural requirements governing the 
execution of the Work including, but not limited to, the following: 


Construction layout. 

Field engineering and surveying. 

Installation of the Work. 

Cutting and patching. 

Coordination of Employer-installed products. 
Progress cleaning. 

Starting and adjusting. 

Protection of installed construction. 
Correction of the Work. 


SONG. OS, On Gen ton 


Related Sections: 

1. Division 01 Section "Submittal Procedures" for submitting surveys. 
Division 01 Section "Closeout Procedures" for submitting final property survey with 
Project Record Documents, recording of the Employer-accepted deviations from 
indicated lines and levels, and final cleaning. 


DEFINITIONS 


Cutting: Removal of in-place construction necessary to permit installation or performance of 
other work. 


Patching: Fitting and repair work required to restore the construction to original conditions 
after the installation of other work. 


INFORMATIONAL SUBMITTALS 
Method Statement: Submit the method statement to be used for the construction layout 


Cutting and Patching Plan: Submit a plan describing procedures at least 10 days prior to the 
time cutting and patching will be performed. Include the following information: 


1. Extent: Describe the reason for and extent of each occurrence of cutting and patching. 
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C. 


2. Changes to In-Place Construction: Describe anticipated results. Include changes to 
structural elements and operating components as well as changes in building 
appearance and other significant visual elements. 


3. Products: List products to be used for patching and firms or entities that will perform 
patching work. 

4. Dates: Indicate when cutting and patching will be performed. 

5. Utilities and Mechanical and Electrical Systems: List services and systems that cutting 


and patching procedures will disturb or affect. List services and systems that will be 
relocated and those that will be temporarily out of service. Indicate how long services 
and systems will be disrupted. 


Landfill Receipts: Submit a copy of receipts issued by a landfill facility, licensed to accept 
hazardous materials, for hazardous waste disposal. 


PART 2 - PRODUCTS 


2.1 


A. 


B. 


MATERIALS 
General: Comply with requirements specified in other Sections. 


1. For projects requiring compliance with sustainable design and construction practices 
and procedures, utilize products for patching that comply with requirements of 
Division 01 Section "Sustainable Design Requirements." 


In-Place Materials: Use materials for patching identical to in-place materials. For exposed 
surfaces, use materials that visually match in-place adjacent surfaces to the fullest extent 
possible. 


1. If identical materials are unavailable or cannot be used, use materials that, when 
installed, will provide a match acceptable to the Engineer for the visual and functional 
performance of in-place materials. 


PART 3 - EXECUTION 


3.1 


A. 


B. 


EXAMINATION 


Existing Conditions: The existence and location of underground and other utilities and 
construction indicated as existing are not guaranteed. Before beginning the site work, 
investigate and verify the existence and location of underground utilities, mechanical and 
electrical systems, and other construction affecting the Work. 


1. Before construction, verify the location and invert elevation at points of connection of 
sanitary sewer, storm sewer, and water-service piping; underground electrical services, 
and other utilities. 

2 Furnish location data for work related to Project that must be performed by public 
utilities serving the Project site. 


Examination and Acceptance of Conditions: Before proceeding with each component of the 
Work, examine substrates, areas, and conditions, for compliance with requirements for 
installation tolerances and other conditions affecting performance. Record observations. 
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1. Written Report: Where a written report listing conditions detrimental to the 
performance of the Work is required by other Sections, include the following: 


Description of the Work. 

List of detrimental conditions, including substrates. 
List of unacceptable installation tolerances. 
Recommended corrections. 


angop 


2. Verify compatibility with and suitability of substrates, including compatibility with 
existing finishes or primers. 


3. Examine roughing-in for mechanical and electrical systems to verify actual locations 
of connections before equipment and fixture installation. 

4. Examine walls, floors, and roofs for suitable conditions where products and systems 
are to be installed. 

5. Proceed with installation only after unsatisfactory conditions have been corrected. 


Proceeding with the Work indicates acceptance of surfaces and conditions. 


3.2 PREPARATION 


A. Existing Utility Information: Furnish information to the Engineer that is necessary to adjust, 
move, or relocate existing utility structures, utility poles, lines, services, or other utility 
appurtenances located in or affected by construction. Coordinate with authorities having 
jurisdiction. 


B. Existing Utility Interruptions: Do not interrupt utilities serving facilities occupied by the 
Employer or others unless permitted under the following conditions and then only after 
arranging to provide temporary utility services according to requirements indicated: 


1. Notify the Engineerrand Employer not less than two days in advance of proposed utility 
interruptions. 
2. Do not proceed with utility interruptions without the Engineer's written permission 
C. Field Measurements: Take field measurements as required to fit the construction properly. 


Recheck measurements before installing each product. Where portions of the Works are 
indicated to fit to other construction, verify dimensions of other construction by field 
measurements before fabrication. Coordinate fabrication schedule with construction progress 
to avoid delaying the Works 


D. Space Requirements: Verify space requirements and dimensions of items shown 
diagrammatically on Drawings. 


E. Review of Contract Documents and Field Conditions Immediately on discovery of any 
discrepancy or the need for a clarification of the Contract Documents, submit a request for 
information or instruction to the Engineer. Include a detailed description of the discrepancy 
or problem encountered, together with recommendations. 
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3.3 


3.4 


SETTING OUT AND ACCURACY 


Site Survey: Before commencing work on the Site, the Contractor shall carry out a 
topographical survey of the Site, in conjunction with, or as instructed by, the Engineer's 
Representative, or of such parts of the Site as the Engineer's Representative may direct, to 
record the site limits, dimensions, ground levels, obstructions and other features and to 
establish baselines and points for future setting out and to record the basis for re-measurement 
of excavation and earthwork, where applicable. 


Setting Out: Details of methods and equipment to be used in setting out the Works shall be 
submitted to the Engineer. The Contractor shall inform the Engineer when the setting out is 
complete and, before commencing construction, shall provide instruments and assistance for 
the Engineerrto check the setting out if required by the Engineer. 


Infrastructure and Utility Work: Setting out shall be as shown on the Drawings or as 
instructed by the Engineer. It shall be revised if, in the opinion of the Engineer, modification 
of grade and line is advisable. 


Record Drawings: The Contractor shall record details of all grid lines, existing ground levels, 
setting-out stations, benchmarks and profiles on the site setting-out drawing; retain on the Site 
throughout the duration of the Contract and hand to the Engineer's Representative on 
completion. 


Dimensions and levels both on the Drawings and the Site, shall be checked, particularly the 
correlation between components and the work in place. Materials and components shall not 
be ordered or work carried out until any discrepancies have been resolved with the Engineer. 


Tolerances: Infrastructure and utility work shall be within tolerances stated in the 
Specification or as instructed. 


Non-Compliance: Work which fails to meet the specified levels of accuracy must not be 
rectified without approval. Submit proposals for such rectification or removal and 
replacement and meet all costs arising, including effects on other work. 


CONSTRUCTION LAYOUT 


Method Statement: Before verifying layout information shown on the Drawings, prepare a 
detailed method statement comprising a descriptive narrative and drawings, clearly describing 
and identifying means and methods to be used for construction layout including but not 
limited to: 


1. Establishing benchmarks and control points to set lines and levels at each storey of 
construction and elsewhere as needed to locate each element of the Works. 

2. Locating offsets for gridlines. 

3. Locating and sizing penetrations in structures as needed to transfer lines and levels 
horizontally and vertically. 


Verification: Before proceeding to lay out the Work, verify the layout information shown on 
the Drawings, in relation to the Contractor's site survey and existing benchmarks. If 
discrepancies are discovered, notify Engineer promptly. 
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C: General: Set out the Works using accepted surveying techniques and practices. 
1. Establish benchmarks and control points to set lines and levels at each story of 
construction and elsewhere as needed to locate each element of the Project. 
2: Establish dimensions within tolerances indicated. Do not scale Drawings to obtain 


required dimensions. 

Inform installers of lines and levels to which they must comply. 

Check the location, level and plumb, of every major element as the Work progresses. 

Notify the Engineer when deviations from required lines and levels exceed allowable 

tolerances. 

6. Close site surveys with an error of closure equal to or less than the standard established 
by authorities having jurisdiction. 


Ee 


D. Site Improvements: Locate and lay out site improvements, including pavements, grading, fill 
and topsoil placement, utility slopes, and rim and invert elevations. 


E. Building Lines and Levels: Locate and lay out control lines and levels for structures, building 
foundations, column grids, and floor levels, including those required for mechanical and 
electrical work. Transfer survey markings and elevations for use with control lines and levels. 
Level foundations and piers from two or more locations. 


F. Record Log: Maintain a log of layout control work. Record deviations from required lines 
and levels. Include beginning and ending dates and times of surveys, weather conditions, 
name and duty of each survey party member, and types of instruments and tapes used. Make 
the log available for reference by the Engineer 


1. Advise the Engineer when deviations, exceeding indicated or recognized tolerances, 
are detected. 
2. Record deviations that are accepted and not corrected on Record (As-Built) Drawings. 
G. Auxiliary Services: Cooperate with the Engineer and provide, when requested, auxiliary 


services to enable and assist the Engineer to check the Contractor's site survey, layout and 
control work, including means of access to the Site, use of instruments and tapes, and supply 
of survey crew 


3.5 FIELD ENGINEERING 


A. Identification: The Engineer/Employer will identify existing benchmarks, control points, and 
property corners. 


B. Reference Points: Locate existing permanent benchmarks, control points, and similar 
reference points before beginning the Work. Preserve and protect permanent benchmarks and 
control points during construction operations. 


1. Do not change or relocate existing benchmarks or control points without the prior 
written approval of the Engineer Report lost or destroyed permanent benchmarks or 
control points promptly. Report the need to relocate permanent benchmarks or control 
points to Engineer before proceeding. 

2; Replace lost or destroyed permanent benchmarks and control points promptly. Base 
replacements on the original survey control points. 
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3.6 


Benchmarks: Establish and maintain a minimum of two permanent benchmarks on the Site, 
referenced to data established by survey control points. Comply with authorities having 
jurisdiction for the type and size of the benchmark. 


1. Record benchmark locations, with horizontal and vertical data, on Record (As-Built) 
Documents. 

2 Where the actual location or elevation of layout points cannot be marked, provide 
temporary reference points sufficient to locate the Work. 

3. Remove temporary reference points when no longer needed. Restore marked 


construction to its original condition. 


Record Log: Maintain a log of field engineering work. Include dates and times of surveys, 
weather conditions, name and duty of each survey party member, and types of instruments 
and tapes used. Make the log available for reference by the Engineer 


INSTALLATION 


General: Locate the Work and components of the Work accurately, in correct alignment and 
elevation, as indicated. 


1. Make vertical work plumb and make horizontal work level. 
Where space is limited, install components to maximize space available for 
maintenance and ease of removal for replacement. 

3. Conceal pipes, ducts, and wiring in finished areas, unless otherwise indicated. 


Comply with manufacturer's written instructions and recommendations for installing products 
in applications indicated. 


Install products at the time and under conditions that will ensure the best possible results. 
Maintain conditions required for product performance until Taking Over. 


Conduct construction operations so no part of the Work is subjected to damaging operations 
or loading in excess of that expected during normal conditions of occupancy. 


Tools and Equipment: Do not use tools or equipment that produce harmful noise levels. 


Templates: Obtain and distribute to the parties involved templates for work specified to be 
factory prepared and field installed. Check Shop Drawings of other work to confirm that 
adequate provisions are made for locating and installing products to comply with indicated 
requirements. 


Anchors and Fasteners: Provide anchors and fasteners as required to anchor each component 
securely in place, accurately located and aligned with other portions of the Work. 


1. Mounting Heights: Where mounting heights are not indicated, mount components at 
heights directed by the Engineer.. 

2. Allow for building movement, including thermal expansion and contraction. 

3. Coordinate installation of anchorages. Furnish setting drawings, templates, and 


directions for installing anchorages, including sleeves, concrete inserts, anchor bolts, 
and items with integral anchors, that are to be embedded in concrete or masonry. 
Deliver such items to the Site in time for installation. 
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3.7 


Joints: Make joints of uniform width. Where joint locations in exposed work are not 
indicated, arrange joints for the best visual effect. Fit exposed connections together to form 
hairline joints. 


Hazardous Materials: Use products, cleaners, and installation materials that are not 
considered hazardous. 


CUTTING AND PATCHING 


Cutting and Patching, General: Employ skilled workers to perform cutting and patching. 
Proceed with cutting and patching at the earliest feasible time, and complete without delay. 


1. Cut in-place construction to provide for the installation of other components or 
performance of other construction, and subsequently patch as required to restore 
surfaces to their original condition. 


Temporary Support: Provide temporary support of work to be cut. 


Protection: Protect in-place construction during cutting and patching to prevent damage. 
Provide protection from adverse weather conditions for portions of the Project that might be 
exposed during cutting and patching operations. 


Adjacent Occupied Areas: Where interference with the use of adjoining areas or interruption 
of free passage to adjoining areas is unavoidable, coordinate cutting and patching in 
accordance with requirements of Division 01 Section "Summary." 


Existing Utility Services and Méechanical/Electrical Systems: Where existing 
services/systems are required to be removed, relocated, or abandoned, bypass such 
services/systems before cutting to prevent interruption to occupied areas. 


Cutting: Cut in-place construction by sawing, drilling, breaking, chipping, grinding, and 
similar operations, including excavation, using methods least likely to damage elements 
retained or adjoining construction. If possible, review proposed procedures with the original 
Installer; comply with the original Installer's written recommendations. 


1. In general, use hand or small power tools designed for sawing and grinding, not 
hammering and chopping. Cut holes and slots neatly to the minimum size required, 
and with minimum disturbance of adjacent surfaces. Temporarily cover openings when 


not in use. 

2: Finished Surfaces: Cut or drill from the exposed or finished side into concealed 
surfaces. 

3. Concrete And Masonry: Cut using a cutting machine, such as an abrasive saw or a 
diamond-core drill. 

4. Excavating and Backfilling: Comply with requirements in applicable Sections where 
required by cutting and patching operations. 

5. Mechanical and Electrical Services: Cut off pipe or conduit in walls or partitions to be 


removed. Cap, valve, or plug and seal the remaining portion of pipe or conduit to 
prevent the entrance of moisture or other foreign matter after cutting. 
6. Proceed with patching after construction operations requiring cutting are complete. 


Patching: Patch construction by filling, repairing, refinishing, closing up, and similar 
operations following the performance of other work. Patch with durable seams that are as 
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invisible as practicable. Provide materials and comply with installation requirements 
specified in other Sections, where applicable. 


1. Inspection: Where feasible, test and inspect patched areas after completion to 
demonstrate the physical integrity of the installation. 
2. Exposed Finishes: Restore exposed finishes of patched areas and extend finish 


restoration into retained adjoining construction in a manner that will minimize evidence 
of patching and refinishing. 


a. Clean piping, conduit, and similar features before applying paint or other 
finishing materials. 
b. Restore damaged pipe covering to its original condition. 
3. Floors and Walls: Where walls or partitions that are removed extend one finished area 


into another, patch and repair floor and wall surfaces in the new space. Provide an even 
surface of the uniform finish, color, texture, and appearance. Remove in-place floor 
and wall coverings and replace with new materials, if necessary, to achieve uniform 
color and appearance. 


a. Where patching occurs on a painted surface, prepare substrate and apply primer 
and intermediate paint coats appropriate for substrate over the patch, and apply 
the final paint coat over the entire unbroken surface containing the patch. 
Provide additional coats until the patch blends with adjacent surfaces. 


H. Cleaning: Clean areas and spaces where cutting and patching are performed. Remove paint, 
mortar, oils, putty, and similar materials from adjacent finished surfaces. 
3.8 PROGRESS CLEANING 


A. General: Clean Project site and work areas daily, including common areas. Enforce 
requirements strictly. Dispose of materials lawfully. 


1. Comply with requirements in NFPA 241 for removal of combustible waste materials 
and debris. 

2: Do not hold waste materials for more than seven days during normal weather or three 
days if the temperature is expected to rise above 80 deg F (27 deg C). 

3. Containerize hazardous and unsanitary waste materials separately from other waste. 


Mark containers appropriately and dispose of legally, according to regulations. 


a. Utilize containers intended for holding waste materials of type to be stored. 
4. Coordinate progress cleaning for joint-use areas where more than one installer has 
worked. 
B. Site: Maintain the Project site free of waste materials and debris. 
C. Work Areas: Clean areas where work is in progress to the level of cleanliness necessary for 


the proper execution of the Work. 


1. Remove liquid spills promptly. 
2. Where dust would impair proper execution of the Work, broom-clean or vacuum the 
entire work area, as appropriate. 
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D. Installed Work: Keep installed work clean. Clean installed surfaces according to written 
instructions of manufacturer or fabricator of the product installed, using only cleaning 
materials specifically recommended. If specific cleaning materials are not recommended, use 
cleaning materials that are not hazardous to health or property and that will not damage 
exposed surfaces. 


E. Concealed Spaces: Remove debris from concealed spaces before enclosing the space. 


F. Exposed Surfaces in Finished Areas: Clean exposed surfaces and protect them as necessary 
to ensure freedom from damage and deterioration at the time of Substantial Completion. 


G. Cutting and Patching: Clean areas and spaces where cutting and patching are performed. 
Completely remove paint, mortar, oils, putty, and similar materials. 


1. Thoroughly clean piping, conduit, and similar features before applying paint or other 
finishing materials. Restore damaged pipe covering to its original condition. 


H. Waste Disposal: Burying or burning waste materials on site will not be permitted. Washing 
waste materials down sewers or into waterways will not be permitted 


I. During handling and installation, clean and protect construction in progress and adjoining 
materials already in place. Apply protective covering where required to ensure protection 
from damage or deterioration at Taking Over. 


Clean and provide maintenance on completed construction as frequently as necessary through 
the remainder of the construction period. Adjust and lubricate operable components to ensure 
operability without damaging effects, such exposures include, but are not limited to, the 


following: 

1. Excessive static or dynamic loading. 

2. Excessive internal or external pressures. 
3. Excessively high or low temperatures. 
4. Thermal shock. 

5. Excessively high or low humidity. 

6. Pollution and air contamination. 

7. Water. 

8. Chemicals and solvents. 

9. Light. 


10. Radiation. 

11. Puncture. 

12. Abrasion. 

13. Heavy traffic. 

14. Soiling, staining, and corrosion. 
15. Bacteria. 

16. Rodent and insect infestation. 
17. Combustion. 

18. Electrical current. 

19. High-speed operation. 

20. Improper lubrication. 

21. Unusual wear or other misuse. 
22. Contact between incompatible materials. 
23. Destructive testing. 

24. Misalignment. 

25. Excessive weathering. 
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26. Unprotected storage. 
27. Improper shipping or handling. 
28. Theft or vandalism. 


3.9 STARTING AND ADJUSTING 
A. Start equipment and operating components to confirm proper operation. Remove 
malfunctioning units, replace them with new units, and retest. 
B. Adjust equipment for proper operation. Adjust operating components for proper operation 
without binding. 
C: Test each piece of equipment to verify proper operation. Test and adjust controls and safeties. 
Replace damaged and malfunctioning controls and equipment. 
D. Manufacturer's Field Service: Comply with qualification requirements in Division 01 Section 
"Quality Requirements." 
3.10 PROTECTION OF INSTALLED CONSTRUCTION 
A. Provide final protection and maintain conditions that ensure installed Work is without damage 
or deterioration at the time of Substantial Completion. 
B. Comply with manufacturer's written instructions for temperature and relative humidity. 
3.11 CORRECTION OF THE WORK 
A. Repair or remove and replace defective construction. Restore damaged substrates and 
finishes. 
1. Repairing includes replacing defective parts, refinishing damaged surfaces, touching 
up with matching materials, and properly adjusting operating equipment. 
B. Restore permanent facilities used during construction to their specified condition. 
C. Remove and replace damaged surfaces that are exposed to view if surfaces cannot be repaired 
without visible evidence of repair. 
D. Repair components that do not operate properly. Remove and replace operating components 
that cannot be repaired. 
E. Remove and replace chipped, scratched, and broken glass or reflective surfaces. 
END OF SECTION 017300 
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SECTION 017419 - CONSTRUCTION WASTE MANAGEMENT AND DISPOSAL 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and other Division 01 Specification Sections, apply to this Section. 
1.2 SUMMARY 

A. The Section includes administrative and procedural requirements for the following: 

1. Salvaging nonhazardous demolitio] and construction waste. 

2. Recycling nonhazardous demolition and construction waste. 

3. Disposing of nonhazardous demolition and construction waste. 

B. Related Sections: 

1. Division 01 Section "Multiple Contract Summary" for coordination of responsibilities 
for waste management. 

2. Division 02 Section "Structure Demolition" for disposition of waste resulting from the 
demolition of buildings, structures, and site improvements, and for disposition of 
hazardous waste. 

3. Division 02 Section "Selective Structure Demolition” for disposition of waste resulting 
from partial demolition of buildings, structures, and site improvements, and for 
disposition of hazardous waste. 

4. Division 04 Section "Unit Masonry" for disposal requirements for masonry waste. 

5. Division 04 Section "Stone Masonry" for disposal requirements for excess stone and 
stone waste. 

6. Division 31 Section "Site Clearing" for disposition of waste resulting from site clearing 
and removal of above- and below-grade improvements. 

1.3 DEFINITIONS 

A. Construction Waste: Building and site improvement materials and other solid waste resulting 
from construction, remodeling, renovation, or repair operations. Construction waste includes 
packaging. 

B. Demolition Waste: Building and site improvement materials resulting from the demolition 
or selective demolition operations. 

C. Disposal: Removal off-site of demolition and construction waste and subsequent sale, 
recycling, reuse, or deposit in landfill or incinerator acceptable to authorities having 
jurisdiction. 

D. Recycle: Recovery of demolition or construction waste for subsequent processing in 
preparation for reuse. 
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E. Salvage: Recovery of demolition or construction waste and subsequent sale or reuse in 
another facility. 


F. Salvage and Reuse: Recovery of demolition or construction waste and subsequent 
incorporation into the Work. 


1.4 PERFORMANCE REQUIREMENTS 


A. General: Achieve end-of-Project rates for salvage/recycling of 75 percent by weight of total 
non-hazardous solid waste generated by the Work. Practice efficient waste management in 
the use of materials in the course of the Work. Use all reasonable means to divert construction 
and demolition waste from landfills and incinerators. Facilitate recycling and salvage of 
materials, including the following: 


1. Demolition Waste: 

a. Asphaltic concrete paving. 

b. Concrete. 

Cc. Concrete reinforcing steel. 

d. Brick. 

e. Concrete masonry units. 

f. Structural and miscellaneous steel. 

g. Any other demolition waste as may be applicable, and advised by the Engineer. 
2. Construction Waste: 

a. Site-clearing waste. 

b. Masonry and CMU. 

c. Lumber. 

d. Metals. 

e. Piping. 

f. Electrical conduit. 

g. Packaging: Regardless of the salvage/recycle goal indicated in the paragraph 


above, salvage or recycle 100 percent of the following uncontaminated 
packaging materials: 


1) Paper. 
2) Cardboard. 
3) Boxes. 


4) Plastic sheet and film. 
5) Polystyrene packaging. 
6) Wood crates. 

7) Plastic pails. 


h. Any other demolition waste as may be applicable, and advised by the Engineer 


1.5 ACTION SUBMITTALS 


A. Waste Management Plan: Submit the plan within 21 days of the date established for 
commencement of the Work. 
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1.6 INFORMATIONAL SUBMITTALS 


A. Waste Reduction Progress Reports: Concurrent with each Application for Payment, submit 
a report. Use Form CWM.-7 for construction waste and Form CWM-8 for demolition waste 
<. Include the following information: 


1. Material category. 

2. Generation point of waste. 

3. Total quantity of waste in tons (tonnes). 

4. Quantity of waste salvaged, both estimated and actual in tons (tonnes). 

5: Quantity of waste recycled, both estimated and actual in tons (tonnes). 

6. Total quantity of waste recovered (salvaged plus recycled) in tons (tonnes). 

7. Total quantity of waste recovered (salvaged plus recycled) as a percentage of total 
waste. 

B. Waste Reduction Calculations: Before the request for Taking Over, submit calculated end- 
of-Project rates for salvage, recycling, and disposal as a percentage of total waste generated 
by the Work. 

Ç: Records of Donations: Indicate receipt and acceptance of salvageable waste donated to 


individuals and organizations. Indicate whether the organization is tax-exempt. 


D. Records of Sales: Indicate receipt and acceptance of salvageable waste sold to individuals 
and organizations. Indicate whether the organization is tax-exempt. 


E. Recycling and Processing Facility Records: Indicate receipt and acceptance of recyclable 
waste by recycling and processing facilities licensed to accept them. Include manifests, 
weight tickets, receipts, and invoices. 


F. Landfill and Incinerator Disposal Records: Indicate receipt and acceptance of waste by 
landfills and incinerator facilities licensed to accept them. Include manifests, weight tickets, 
receipts, and invoices. 


G. Qualification Data: For waste management coordinator and refrigerant recovery technician. 


H. Statement of Refrigerant Recovery: Signed by refrigerant recovery technician responsible for 
recovering refrigerant, stating that all refrigerant that was present was recovered and that 
recovery was performed according to EPA regulations. Include name and address of 
technician and date refrigerant was recovered. 


1.7 QUALITY ASSURANCE 


A. Waste Management Coordinator Qualifications: Experienced firm, with a record of 
successful waste management coordination of Projects with similar requirements, as waste 
management coordinator. 


B. Refrigerant Recovery Technician Qualifications: Certified by an EPA-approved certification 
program. 
C. Regulatory Requirements: Comply with hauling and disposal regulations of authorities 
having jurisdiction. 
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D. Waste Management Conference: Conduct a conference at the Project site to comply with 
requirements in Division 01 Section "Project Management and Coordination." Review 
methods and procedures related to waste management including, but not limited to, the 


following: 

1. Review and discuss waste management plan including responsibilities of waste 
management coordinator. 

2: Review requirements for documenting quantities of each type of waste and its 
disposition. 

3. Review and finalize procedures for materials separation and verify availability of 
containers and bins needed to avoid delays. 

4. Review procedures for periodic waste collection and transportation to recycling and 
disposal facilities. 

3: Review waste management requirements for each trade. 


1.8 WASTE MANAGEMENT PLAN 


A. General: Develop a waste management plan according to ASTM E 1609 and the requirements 
of this Section. Plan shall consist of waste identification, waste reduction work plan, and 
cost/revenue analysis. Distinguish between demolition and construction waste. Indicate 
quantities by weight or volume, but use the same units of measure throughout the waste 
management plan. 


B. Waste Identification: Indicate anticipated types and quantities of demolition site-clearing and 
construction waste generated by the Work. Use Form CWM.-1 for construction waste and 
Form CWM-2 for demolition waste. Include estimated quantities and assumptions for 
estimates. 


C. Waste Reduction Work Plan: List each type of waste and whether it will be salvaged, 
recycled, or disposed of in a landfill or incinerator. Use Form CWM- 3 for construction waste 
and Form CWM.-4 for demolition waste. Include points of waste generation, the total quantity 
of each type of waste, the quantity for each means of recovery, and handling and 
transportation procedures. 


1. Salvaged Materials for Reuse: For materials that will be salvaged and reused in this 
Project, describe methods for preparing salvaged materials before incorporation into 
the Work. 

2. Salvaged Materials for Sale: For materials that will be sold to individuals and 
organizations, include a list of their names, addresses, and telephone numbers. 

3. Salvaged Materials for Donation: For materials that will be donated to individuals and 
organizations, include a list of their names, addresses, and telephone numbers. 

4. Recycled Materials: Include a list of local receivers and processors and the type of 
recycled materials each will accept. Include names, addresses, and telephone numbers. 

5. Disposed Materials: Indicate how and where materials will be disposed of. Include 
the name, address, and telephone number of each landfill and incinerator facility. 

6. Handling and Transportation Procedures: Include method that will be used for 


separating recyclable waste including sizes of containers, container labeling, and 
designated location on the Project site where materials separation will be located. 


D.  Cost/Revenue Analysis: Indicate the total cost of waste disposal as if there was no waste 
management plan and net additional cost or net savings resulting from implementing the waste 
management plan. Use Form CWM-5 for construction waste and Form CWM-6 for 
demolition waste. Include the following: 
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Total quantity of waste. 

Estimated cost of disposal (cost per unit). Include hauling and tipping fees and the cost 
of collection containers for each type of waste. 

Total cost of disposal (with no waste management). 

Revenue from salvaged materials. 

Revenue from recycled materials. 

Savings in hauling and tipping fees by donating materials. 

Savings in hauling and tipping fees that are avoided. 

Handling and transportation costs. Include the cost of collection containers for each 
type of waste. 

9. Net additional cost or net savings from the waste management plan. 


DS 


00 a ON a 


PART 2 - PRODUCTS (Not Used) 


PART 3 - EXECUTION 


3.1 


A. 


B. 


C. 


D. 


3.2 


A. 


B. 


PLAN IMPLEMENTATION 


General: Implement an approved waste management plan. Provide handling, containers, 
storage, signage, transportation, and other items as required to implement a waste 
management plan during the entire duration of the Contract. 


1. Comply with Division 01 Section "Temporary Facilities and Controls" for operation, 
termination, and removal requirements. 


Waste Management Coordinator: Engage a waste management coordinator to be responsible 
for implementing, monitoring, and reporting the status of the waste management work plan. 


Training: Train workers, subcontractors, and suppliers on proper waste management 
procedures, as appropriate for the Work occurring at the Project site. 


1. Distribute waste management plan to everyone concerned within three days of 
submittal return. 

2: Distribute waste management plan to entities when they first begin work on-site. 
Review plan procedures and locations established for salvage, recycling, and disposal. 


Site Access and Temporary Controls: Conduct waste management operations to ensure 
minimum interference with roads, streets, walks, walkways and other adjacent occupied and 
used facilities. 


1. Designate and label specific areas on the Project site necessary for separating materials 
that are to be salvaged, recycled, reused, donated, and sold. 

2. Comply with Division 01 Section "Temporary Facilities and Controls" for controlling 
dust and dirt, environmental protection, and noise control. 

RECYCLING DEMOLITION AND CONSTRUCTION WASTE, GENERAL 


General: Recycle paper and beverage containers used by on-site workers. 


Recycling Receivers and Processors: The Contractor shall submit to the Engineer proposed 
local recycling receivers and processors 
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Ç Recycling Incentives: Revenues, savings, rebates, tax credits, and other incentives received 
for recycling waste materials shall accrue to the Contractor. 


D. Preparation of Waste: Prepare and maintain recyclable waste materials according to recycling 
or reuse facility requirements. Maintain materials free of dirt, adhesives, solvents, petroleum 
contamination, and other substances deleterious to the recycling process. 


E. Procedures: Separate recyclable waste from other waste materials, trash, and debris. Separate 
recyclable waste by type at the Project site to the maximum extent practical according to the 
approved construction waste management plan. 


1. Provide appropriately marked containers or bins for controlling recyclable waste until 
they are removed from the Project site. Include a list of acceptable and unacceptable 
materials in each container and bin. 


a. Inspect containers and bins for contamination and remove contaminated 
materials if found. 


Dis Stockpile processed materials on-site without intermixing with other materials. Place, 
grade, and shape stockpiles to drain surface water. Cover to prevent windblown dust. 

3. Stockpile materials away from the construction area. Do not store within the drip line 
of remaining trees. 

4, Store components off the ground and protect them from the weather. 

5. Remove recyclable waste off the Employer's property and transport it to the recycling 


receiver or processor. 


3.3 RECYCLING DEMOLITION WASTE 
A.  Asphaltic Concrete Paving: Grind asphalt to a maximum of 1-1/2-inch (38-mm size). 


1. Crush asphaltic concrete paving and screen to comply with requirements in Division 
31 Section "Earth Moving" for use as general fill. 


B. Asphaltic Concrete Paving: Break up and transport paving to the asphalt-recycling facility. 


C. Concrete: Remove reinforcement and other metals from concrete and sort with other metals. 
1. Pulverize concrete to a maximum of 1-1/2-inch (38-mm size. 
2. Crush concrete and screen to comply with requirements in Division 31 Section "Earth 


Moving" for use as satisfactory soil for fill or subbase. 


D. Masonry: Remove metal reinforcement, anchors, and ties from masonry and sort with other 
metals. 


1. Pulverize masonry to a maximum 3/4-inch (19-mm size. 
a. Crush masonry and screen to comply with requirements in Division 31 Section 
"Earth Moving" for use as general fill. 
b. Crush masonry and screen to comply with requirements in Division 32 Section 


"Plants" for use as mineral mulch. 


2. Clean and stack undamaged, whole masonry units on wood pallets. 
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3.4 


3.5 


Wood Materials: Sort and stack members according to size, type, and length. Separate 
lumber, engineered wood products, panel products, and treated wood materials. 


Metals: Separate metals by type. 


1. Structural Steel: Stack members according to size, type of member, and length. 
2 Remove and dispose of bolts, nuts, washers, and other rough hardware. 


RECYCLING CONSTRUCTION WASTE 
Packaging: 


1. Cardboard and Boxes: Break down packaging into flat sheets. Bundle and store in a 
dry location. 

2: Polystyrene Packaging: Separate and bag materials. 

3. Pallets: As much as possible, require deliveries using pallets to remove pallets from 
the Project site. For pallets that remain on-site, break down pallets into component 
wood pieces and comply with requirements for recycling wood. 

4. Crates: Break down crates into component wood pieces and comply with requirements 
for recycling wood. 


Site-Clearing Wastes: Chip brush, branches, and trees on-site or at the landfill facility as 
advised by the Engineer. 


1. Comply with requirements in Division 32 Section "Plants" for use of chipped organic 
waste as organic mulch. 


Wood Materials: 
1. Clean Cut-Offs of Lumber: Grind or chip into small pieces. 
2. Clean Sawdust: Bag sawdust that does not contain painted or treated wood. 
a. Comply with requirements in Division 32 for use of clean sawdust as organic 
mulch. 
DISPOSAL OF WASTE 


General: Except for items or materials to be salvaged, recycled, or otherwise reused, remove 
waste materials from the Project site and legally dispose of them in a landfill or incinerator 
acceptable to authorities having jurisdiction. 


1. Except as otherwise specified, do not allow waste materials that are to be disposed of 
accumulate on-site. 

2. Remove and transport debris in a manner that will prevent spillage on adjacent surfaces 
and areas. 


Burning: Do not burn waste materials on site. 


Disposal: Transport waste materials off the Employer's property and legally dispose of them. 
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3.6 ATTACHMENTS 


A. | Form CWM.-1 for construction waste identification. 

B. Form CWM.-2 for demolition waste identification. 

C. Form CWM.-3 for construction waste reduction work plan. 

D. Form CWM.-4 for demolition waste reduction work plan. 

E. Form CWM-5 cost/revenue analysis of construction waste reduction work plan. 
F. Form CWM-6 cost/revenue analysis of demolition waste reduction work plan. 
G. Form CWM-7 for construction waste 


H. Form CWM-S8 for demolition waste. 


END OF SECTION 017419 
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FORM CWM-1: CONSTRUCTION WASTE IDENTIFICATION 


MATERIAL CATEGORY 


GENERATION 
POINT 


EST. QUANTITY 
OF MATERIALS 
RECEIVED* (A) 


EST. WASTE - % 
(B) 


TOTAL EST. 
QUANTITY OF 
WASTE* (C = A x B) 


EST. VOLUME 
CY (CM) 


EST. WEIGHT 
TONS (TONNES) 


REMARKS AND 
ASSUMPTIONS 


Packaging: Cardboard 


Packaging: Boxes 


Packaging: Plastic Sheet or 
Film 


Packaging: Polystyrene 


Packaging: Pallets or Skids 


Packaging: Crates 


Packaging: Paint Cans 


Packaging: Plastic Pails 


Site-Clearing Waste 


Masonry or CMU 


Lumber: Cut-Offs 


Lumber: Warped Pieces 


Plywood or OSB (scraps) 


Wood Forms 


Wood Waste Chutes 


Wood Trim (cut-offs) 


Metals 


Insulation 


Roofing 


Joint Sealant Tubes 


Gypsum Board (scraps) 


Carpet and Pad (scraps) 


Piping 


Electrical Conduit 


Other: 


* Insert units of measure. 
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FORM CWM-2: DEMOLITION WASTE IDENTIFICATION 


EST. VOLUME EST. WEIGHT 
MATERIAL DESCRIPTION EST. QUANTITY CY (CM) TONS (TONNES) REMARKS AND ASSUMPTIONS 


Asphaltic Concrete Paving 


Concrete 


Brick 


CMU 


Lumber 


Plywood and OSB 


Wood Paneling 


Wood Trim 


Miscellaneous Metals 


Structural Steel 


Rough Hardware 


Insulation 


Roofing 


Doors and Frames 


Door Hardware 


Windows 


Glazing 


Acoustical Tile 


Carpet 


Carpet Pad 


Demountable Partitions 


Equipment 


Cabinets 


Plumbing Fixtures 


Piping 


Piping Supports and Hangers 


Valves 


Sprinklers 


Mechanical Equipment 


Electrical Conduit 


Copper Wiring 


Light Fixtures 


Lamps 


Lighting Ballasts 


Electrical Devices 


Switchgear and Panelboards 


Transformers 


Other: 
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FORM CWM-3: CONSTRUCTION WASTE REDUCTION WORK PLAN 


TOTAL EST. DISPOSAL METHOD AND QUANTITY FANDTINGAND 
GENERATION QUANTITY EST. AMOUNT EST. AMOUNT EST. AMOUNT DISPOSED TRANSPORTATION 
POINT OF WASTE SALVAGED RECYCLED TO LANDFILL PROCEDURES 
TONS (TONNES) TONS (TONNES) TONS (TONNES) TONS (TONNES) 


MATERIAL CATEGORY 


Packaging: Cardboard 


Packaging: Boxes 


Packaging: Plastic Sheet or 
Film 


Packaging: Polystyrene 


Packaging: Pallets or Skids 


Packaging: Crates 


Packaging: Paint Cans 


Packaging: Plastic Pails 


Site-Clearing Waste 


Masonry or CMU 


Lumber: Cut-Offs 


Lumber: Warped Pieces 


Plywood or OSB (scraps) 


Wood Forms 


Wood Waste Chutes 


Wood Trim (cut-offs) 


Metals 


Insulation 


Roofing 


Joint Sealant Tubes 


Gypsum Board (scraps) 


Carpet and Pad (scraps) 


Piping 


Electrical Conduit 


Other: 
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FORM CWM-4: DEMOLITION WASTE REDUCTION WORK PLAN 


MATERIAL CATEGORY 


GENERATION 
POINT 


TOTAL EST. DISPOSAL METHOD AND QUANTITY 
QUANTITY EST. AMOUNT EST. AMOUNT EST. AMOUNT HANDLING AND TRANSPORTION 
OF WASTE SALVAGED RECYCLED DISPOSED TO LANDFILL PROCEDURES 

TONS (TONNES) TONS (TONNES) TONS (TONNES) TONS (TONNES) 


Asphaltic Concrete Paving 


Concrete 


Brick 


CMU 


Lumber 


Plywood and OSB 


Wood Paneling 


Wood Trim 


Miscellaneous Metals 


Structural Steel 


Rough Hardware 


Insulation 


Roofing 


Doors and Frames 


Door Hardware 


Windows 


Glazing 


Acoustical Tile 


Carpet 


Carpet Pad 


Demountable Partitions 


Equipment 


Cabinets 


Plumbing Fixtures 


Piping 


Supports and Hangers 


Valves 


Sprinklers 


Mechanical Equipment 


Electrical Conduit 


Copper Wiring 


Light Fixtures 


Lamps 


Lighting Ballasts 


Electrical Devices 


Switchgear and Panelboards 


Transformers 


Other: 


CONSTRUCTION WASTE MANAGEMENT AND DISPOSAL 017419/CWM.-4 - Page 1 of 1 
P21161/4309-04-TD-SPC-15A-PMC-01 REV 0 


RFP — Karachi Mobility Project (Yellow BRT) — PK-SMTA-334960-CW-RFP 
Procurement of Package - 4: NEW JAM SADIQ BRIDGE (Yellow Corridor Segment 3) 
Volume (2): Part (B) Specifications (1 of 2) - 017419/CWM.-S - Construction Waste Management and Disposal 


FORM CWM-5: COST/REVENUE ANALYSIS OF CONSTRUCTION WASTE REDUCTION WORK PLAN 


TOTAL TOTAL EST 
QUANTITY OF EST. COST OF COST OF j REVENUE FROM | REVENUE FROM LANDFILL HANDLING AND NET COST 
MATERIALS MATERIALS DISPOSAL DISPOSAL SALVAGED RECYCLED TIPPING FEES | TRANSPORTATION SAVINGS OF 
(VOL. OR MATERIALS MATERIALS AVOIDED COSTS AVOIDED WORK PLAN 
be Fee (B) (C=AxB) (D) Œ) (F) (G) (H = D+E+F+G) 


Packaging: Cardboard 


Packaging: Boxes 


Packaging: Plastic Sheet or 
Film 


Packaging: Polystyrene 


Packaging: Pallets or Skids 


Packaging: Crates 


Packaging: Paint Cans 


Packaging: Plastic Pails 


Site-Clearing Waste 


Masonry or CMU 


Lumber: Cut-Offs 


Lumber: Warped Pieces 


Plywood or OSB (scraps) 


Wood Forms 


Wood Waste Chutes 


Wood Trim (cut-offs) 


Metals 


Insulation 


Roofing 


Joint Sealant Tubes 


Gypsum Board (scraps) 


Carpet and Pad (scraps) 


Piping 


Electrical Conduit 


Other: 
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FORM CWM-6: COST/REVENUE ANALYSIS OF DEMOLITION WASTE REDUCTION WORK PLAN 


MATERIALS 


TOTAL QUANTITY 
OF MATERIALS 
(VOL. OR WEIGHT) 
(A) 


EST. COST OF 
DISPOSAL 


(B) 


TOTAL EST. 
COST OF 
DISPOSAL 


(C=AxB) 


REVENUE FROM 
SALVAGED 
MATERIALS 
D) 


REVENUE FROM 
RECYCLED 
MATERIALS 


Œ) 


LANDFILL 
TIPPING FEES 
AVOIDED 


(F) 


HANDLING AND 
TRANSPORTATION 
COSTS AVOIDED 


(G) 


NET COST 
SAVINGS OF 
WORK PLAN 

(H = D+E+F+G) 


Asphaltic Concrete 
Paving 


Concrete 


Brick 


CMU 


Lumber 


Plywood and OSB 


Wood Paneling 


Wood Trim 


Miscellaneous Metals 


Structural Steel 


Rough Hardware 


Insulation 


Roofing 


Doors and Frames 


Door Hardware 


Windows 


Glazing 


Acoustical Tile 


Carpet 


Carpet Pad 


Demountable Partitions 


Equipment 


Cabinets 


Plumbing Fixtures 


Piping 


Supports and Hangers 


Valves 


Sprinklers 


Mech. Equipment 


Electrical Conduit 


Copper Wiring 


Light Fixtures 


Lamps 


Lighting Ballasts 
Electrical Devices 


Switchgear and 
Panelboards 


Transformers 


Other: 
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FORM CWM-7: CONSTRUCTION WASTE REDUCTION PROGRESS REPORT 


MATERIAL CATEGORY 


GENERATION 
POINT 


TOTAL 
QUANTITY 
OF WASTE 

TONS (TONNES) 
(A) 


QUANTITY OF WASTE SALVAGED 


QUANTITY OF WASTE RECYCLED 


ESTIMATED 
TONS (TONNES) 


ACTUAL 
TONS (TONNES) 
(B) 


ESTIMATED 
TONS (TONNES) 


ACTUAL 
TONS (TONNES) 
(C) 


TOTAL 
QUANTITY OF 
WASTE 
RECOVERED 
TONS (TONNES) 
(D=B+OC) 


TOTAL 
QUANTITY 
OF WASTE 

RECOVERED 
% 
(D/A x 100) 


Packaging: Cardboard 


Packaging: Boxes 


Packaging: Plastic Sheet or 
Film 


Packaging: Polystyrene 


Packaging: Pallets or Skids 


Packaging: Crates 


Packaging: Paint Cans 


Packaging: Plastic Pails 


Site-Clearing Waste 


Masonry or CMU 


Lumber: Cut-Offs 


Lumber: Warped Pieces 


Plywood or OSB (scraps) 


Wood Forms 


Wood Waste Chutes 


Wood Trim (cut-offs) 


Metals 


Insulation 


Roofing 


Joint Sealant Tubes 


Gypsum Board (scraps) 


Carpet and Pad (scraps) 


Piping 


Electrical Conduit 


Other: 
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FORM CWM-8: DEMOLITION WASTE REDUCTION PROGRESS REPORT 


MATERIAL CATEGORY 


GENERATION 
POINT 


TOTAL QUANTITY 
OF WASTE 
TONS (TONNES) 
(A) 


QUANTITY OF WASTE QUANTITY OF WASTE 
SALVAGED RECYCLED 
ESTIMATED One: ESTIMATED ACTUAL 
TONS (TONNES) TONS TONS (TONNES) 
(TONNES) (TONNES) © 


(B) 


TOTAL 
QUANTITY OF 
WASTE 
RECOVERED 
TONS (TONNES) 
(D=B+C) 


TOTAL 
QUANTITY 
OF WASTE 

RECOVERED 
% 
(D/ Ax 100) 


Asphaltic Concrete Paving 


Concrete 


Brick 


CMU 


Lumber 


Plywood and OSB 


Wood Paneling 


Wood Trim 


Miscellaneous Metals 


Structural Steel 


Rough Hardware 


Insulation 


Roofing 


Doors and Frames 


Door Hardware 


Windows 


Glazing 


Acoustical Tile 


Carpet 


Carpet Pad 


Demountable Partitions 


Equipment 


Cabinets 


Plumbing Fixtures 


Piping 


Supports and Hangers 


Valves 


Sprinklers 


Mechanical Equipment 


Electrical Conduit 


Copper Wiring 


Light Fixtures 


Lamps 


Lighting Ballasts 


Electrical Devices 


Switchgear and Panelboards 


Transformers 
Other: 
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SECTION 017700 - CLOSEOUT PROCEDURES 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Specification Sections, apply to this Section. 


1.2 SUMMARY 


A. This Section includes administrative and procedural requirements for contract closeout, 
including, but not limited to, the following: 


Sate a 


Taking Over procedures. 
Final completion procedures. 
Warranties. 

Final cleaning. 


B. Related Sections: 


1. 


2. 


Division 01 Section "Photographic Documentation" for submitting final completion 
construction photographic documentation. 

Division 01 Section “Submittal Procedures” Division 01 Section "Execution" for 
progress cleaning of Site. 

Division 01 Section "Operation and Maintenance Data" for operation and maintenance 
manual requirements. 

Division 01 Section "Project Record Documents" for submitting Record Drawings, 
Record Specifications, and Record Product Data. 

Division 01 Section "Demonstration and Training" for requirements for instructing 
Employer's personnel. 

Specification Sections for specific closeout and special cleaning requirements for the 
Work in those Sections. 


1.3 TAKING OVER 


A. Preliminary Procedures: Before requesting inspection for determining the date of Taking 
Over, complete the following. List items below that are incomplete with the request. 


1. Prepare, in a tabular format acceptable to the Engineer, a list of items to be completed 
and corrected (punch list). Include the value for each item on the list, and reasons why 
the work is not complete. 

2: Submit a written undertaking in a form acceptable to the Engineer, to complete and/or 
correct all items contained in the punch list, to the satisfaction of the Engineer, within 
28 days from the date of issue of the Taking-Over Certificate 

3. Advise the Employer with a copy to the Engineer of pending insurance changeover 
requirements. 

4. Submit warranties, bonds, maintenance service agreements, final certifications, and 
similar documents. 
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5. Obtain and submit releases permitting Employer unrestricted use of the Work and 
access to services and utilities. Include occupancy permits, operating certificates, and 
similar releases. 

6. Prepare and submit Project Record Documents, operation and maintenance manuals, 
final completion construction photographic documentation, damage or settlement 
surveys, property surveys, and similar final record information. 


7. Deliver tools, spare parts, extra materials, and similar items to the location designated 
by the Employer. Label with the manufacturer's name and the model number where 
applicable. 

8. Make final changeover of permanent locks and deliver keys to Employer. Advise the 
Employer's personnel of the changeover in security provisions. 

9. Complete startup testing of systems. 


10. Submit test/adjust/balance records. 

11. Terminate and remove temporary facilities from Site, along with mockups, 
construction tools, and similar elements. 

12. Advise Employer of changeover in heat and other utilities. 

13. Submit changeover information related to the Employer's occupancy, use, operation, 
and maintenance. 

14. Complete final cleaning requirements, including touchup painting. 

15. Touch up and otherwise repair and restore marred exposed finishes to eliminate visual 
defects. 

16. Commence instruction of the Employer's personnel in operation, adjustment, and 
maintenance of systems and equipment, and maintenance of products. 


B. Inspection: Submit a written request for inspection for Taking Over. Upon receipt of the 
request, the Engineer will either proceed with inspection or notify the Contractor of unfulfilled 
requirements. The Engineer will prepare the Certificate of Taking Over after inspection or 
will notify the Contractor of items, either on the Contractor's list or additional items identified, 
that must be completed or corrected before the certificate will be issued. 


1. Reinspection: Request reinspection when the Work identified in previous inspections 
as incomplete is completed or corrected. 

2. Results of the completed inspection will form the basis of requirements for final 
completion. 


1.4 FINAL COMPLETION 


A. Preliminary Procedures: Before requesting final inspection for determining final completion, 
complete the following: 


1. Complete instruction of the Employer's personnel in operation, adjustment, and 
maintenance of systems and equipment, and maintenance of products. Submit 
demonstration and training DVDs as per requirements stipulated under Contract 
Documents. 

2. Submit a certified copy of the Taking Over inspection list of items to be completed or 
corrected (punch list), endorsed and dated by the Engineer. The certified copy of the 
list shall state that each item has been completed or otherwise resolved for acceptance. 


3. Submit evidence of final, continuing insurance coverage complying with insurance 
requirements. 
4. Submit pest-control final inspection report and warranty. 
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B. Inspection: Submit a written request for final inspection for acceptance. Upon receipt of the 
request, the Engineer will either proceed with inspection or notify the Contractor of 
unfulfilled requirements. The Engineer will issue a Defects Liability Certificate after the 
satisfactory inspection or will notify the Contractor of construction that must be completed or 
corrected before the certificate will be issued. 


1. Reinspection: Request reinspection when the Work identified in previous inspections 
as incomplete is completed or corrected. 


1.5 LIST OF INCOMPLETE ITEMS (PUNCH LIST) 


1. Preparation: Submit three copies of the list. Include the name and identification of 
each work area, space and site area affected by construction operations for incomplete 
items and items needing correction including, if necessary, areas disturbed by the 
Contractor that are outside the limits of construction Organize the list of spaces in 
sequential order, starting with exterior areas first and proceeding from lowest floor to 


highest floor. 
2. Organize items applying to each space by the major element, including categories for 
ceiling, individual walls, floors, equipment, and building systems. 
3. Include the following information at the top of each page: 
a. Project name. 
b. Date. 
c. Name of Engineer. 
d. Name of Contractor. 
e. Page number. 
4. Submit a list of incomplete items in the following format: 
a. electronic file on CD. 
b. three paper copies of the product schedule or list, unless otherwise indicated. 


1.6 WARRANTIES 


A. Form of Submittal: Produce two (2) original copies of each required warranty, written in the 
form approved by the Engineer, and properly executed as specified. Submit in addition 
electronic copies of the warrantees on CDs in PDF format (5 sets). 


B. Organize warranty documents into an orderly sequence based on the Sections and Parts in the 
table of contents of the Specifications. 


1. Bind warranties and bonds in heavy-duty, vinyl-covered, loose-leaf ring binders, 
thickness as necessary to accommodate contents, and sized to receive A4 paper. 
2. Provide heavy paper dividers with plastic-covered tabs for each separate warranty. 


Mark the tab to identify the product or installation. Provide a typed description of the 
product or installation, including the name of the product and the name, address, and 
telephone number of the Installer. 

3. Provide a typed index and table of contents list at the front of each binder. 

4. Identify each binder on the front and spine with the typed or printed title 
"WARRANTIES," Works name, and name of Contractor. 
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C. 


D. 


E. 


F. 


Submittal Time: Submit warranties prior to requesting inspection for determining the date of 
Substantial Completion for Section of the Works if applicable. The Contractor shall submit 
draft warranties with the relevant Material Submittals 


Partial Occupancy: Submit properly executed warranties within 15 days of completion of 
designated portions of the Work that are completed and occupied or used by Employer during 
construction period by separate agreement with Contractor. 


Organize warranty documents into an orderly sequence based on the table of contents of the 
Project Manual. 


1. Bind warranties and bonds in heavy-duty, three-ring, vinyl-covered, loose-leaf binders, 
thickness as necessary to accommodate contents, and sized to receive 8-1/2-by-11-inch 
(215-by-280-mm) paper. 

2. Provide heavy paper dividers with plastic-covered tabs for each separate warranty. 
Mark the tab to identify the product or installation. Provide a typed description of the 
product or installation, including the name of the product and the name, address, and 
telephone number of the Installer. 

3. Identify each binder on the front and spine with the typed or printed title 
"WARRANTIES," Project name, and name of Contractor. 

4. Scan warranties and bonds and assemble the complete warranty and bond submittal 
package into a single indexed electronic PDF file with links enabling navigation to each 
item. Provide a table of contents at beginning of the document. 


Provide additional copies of each warranty to include in operation and maintenance manuals. 


PART 2 - PRODUCTS 


2.1 


A. 


MATERIALS 


Cleaning Agents: Use cleaning materials and agents recommended by the manufacturer or 
fabricator of the surface to be cleaned. Do not use cleaning agents that are potentially 
hazardous to health or property or that might damage finished surfaces. 


PART 3 - EXECUTION 


3.1 


A. 


B. 


FINAL CLEANING 


General: Perform final cleaning. Conduct cleaning and waste-removal operations to comply 
with local laws and ordinances and Federal and local environmental and antipollution 
regulations. 


Cleaning: Employ experienced workers or professional cleaners for final cleaning. Clean 
each surface or unit to the condition expected in an average commercial building cleaning and 
maintenance program. Comply with manufacturer's written instructions. 


1. Complete the following cleaning operations before requesting inspection for 
determining the date of n of Taking Over for the entire Project or for a portion of Works, 
as applicable: 
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a. Clean the Site, yard, and grounds, in areas disturbed by construction activities, 
including landscape development areas, of rubbish, waste material, litter, and 
other foreign substances. 


b. Sweep paved areas broom clean. Remove petrochemical spills, stains, and other 
foreign deposits. 

c. Rake grounds that are neither planted nor paved to a smooth, even-textured 
surface. 

d. Remove tools, construction equipment, machinery, and surplus material from 
the Project site. 

e. Clean exposed hard-surfaced finishes to a dirt-free condition, free of stains, 


films, and similar foreign substances. Avoid disturbing natural weathering of 
exterior surfaces. Restore reflective surfaces to their original condition. 


f. Remove debris and surface dust from limited access spaces, including roofs, 
plenums, shafts, trenches, equipment vaults, manholes, attics, and similar 
spaces. 

g. Sweep concrete floors broom clean in unoccupied spaces. 

h. Remove labels that are not permanent. 

i. Touch up and otherwise repair and restore marred, exposed finishes and 


surfaces. Replace finishes and surfaces that cannot be satisfactorily repaired or 
restored or that already show evidence of repair or restoration. 


1) Do not paint over "UL" and other required labels and identification, 
including mechanical and electrical nameplates. 


j. Wipe surfaces of mechanical and electrical equipment and similar equipment. 
Remove excess lubrication, paint and mortar droppings, and other foreign 
substances. 

k. Replace parts subject to operating conditions during construction that may 
impede operation or reduce longevity. 

l. Clean plumbing fixtures to a sanitary condition, free of stains, including stains 


resulting from water exposure. 
m. Replace disposable air filters and clean permanent air filters. Clean exposed 
surfaces of diffusers, registers, and grills. 


n. Clean ducts, blowers, and coils if units were operated without filters during 
construction or that display contamination with the particulate matter upon 
inspection. 


1) Clean HVAC system in compliance with NADCA Standard 1992-01. 
Provide written report upon completion of cleaning. 


o. Clean light fixtures, lamps, globes, and reflectors to function with full efficiency. 
Replace burned-out bulbs, and those noticeably dimmed by hours of use, and 
defective and noisy starters in fluorescent and mercury vapor fixtures to comply 
with requirements for new fixtures. 

p. Leave Project clean and ready for occupancy / Taking Over. 


C. Pest Control: Engage an experienced, licensed exterminator to make a final inspection and 
rid the Project of rodents, insects, and other pests. Prepare a report. 


D. Comply with safety standards for cleaning. Do not burn waste materials. Do not bury debris 
or excess materials on the Employer's property. Do not discharge volatile, harmful, or 
dangerous materials into drainage systems. Remove waste materials from the Site and dispose 
of them lawfully. 
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E. Construction Waste Disposal: Comply with waste disposal requirements in Division 01 
Section "Construction Waste Management and Disposal. 


END OF SECTION 017700 
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SECTION 017823 - OPERATION AND MAINTENANCE DATA 


PART 1 - GENERAL 


1.1 


1.2 


1.3 


1.4 


A. 


RELATED DOCUMENTS 


Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Specification Sections, apply to this Section. 


SUMMARY 


This Section includes administrative and procedural requirements for preparing operation and 
maintenance (O&M) manuals, including the following: 


Operation and maintenance documentation directory. 

Emergency manuals. 

Operation manuals for systems, subsystems, and equipment. 

Preparing and submitting instruction manuals covering the care, preservation, and 

maintenance of engineered components and systems and architectural products and 

finishes. 

5. Preparing and submitting O&M Manuals for operating systems, subsystems and 
equipment. 

6. Instruction of the Employer's operating personnel in the operation and maintenance of 

systems and equipment. 


Sate a a 


Related Sections: 


1. Division 01 Section "Multiple Contract Summary" for coordinating operation and 
maintenance manuals covering the Work of multiple contracts. 

2: Division 01 Section "Submittal Procedures" for submitting copies of submittals for 

operation and maintenance manuals. 

Division 01 Section“Product Requirements” 

Division 01 Section “ Project Record (As-built) Documents” 

Specifications Sections for specific operation and maintenance manual requirements 

for the Work in those Sections and for specific pieces of equipment or building 

operating systems. 


Ge p 


DEFINITIONS 


System: An organized collection of parts, equipment, or subsystems united by regular 
interaction. 


Subsystem: A portion of a system with characteristics similar to a system. 


QUALITY ASSURANCE 


O&M Manual Preparation: In preparation of O&M Manuals, use personnel thoroughly 
trained and experienced in the operation and maintenance of equipment or system involved. 
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1.5 


Where O&M Manuals require written instructions, use personnel skilled in technical 
writing where necessary for communication of essential data. 

Where O&M Manuals require drawings or diagrams, use CAD operators or drafters 
capable of preparing drawings clearly in a clear, understandable industry-standard 
format. 

System-Level O&M Manuals for mechanical and electrical systems shall be developed 
specifically for this Project. Compilation of equipment vendor catalogues and O&M 
Manuals is not acceptable. 


Instructions for the Employer's Personnel: Use experienced instructors thoroughly trained 
and experienced in the operation and maintenance of equipment or system involved to instruct 
the Employer's O&M personnel. 


SUBMITTALS 


Submittal Schedule: Comply with the following schedule for submitting O&M Manuals: 


1. 


Not later than 60 days prior to the initial start-up of the subject work scope equipment, 
when each installation that requires O&M Manuals is nominally complete, submit 2 
draft copies of each manual to the Engineer for review and approval. Include a 
complete index or table of contents of each manual. 

The Engineer will return 1 copy of the draft with comments within 30 days of receipt. 
After receipt of the Engineer’s approval, make any required corrections or 
modifications to comply with the Engineer's comments. After approval, and at least 30 
calendar days in advance of the initial start-up of an item (i.e., within 30 days of receipt 
of the Engineer's final comments and approval), submit the O&M Manuals, in final 
form, to the Engineer for distribution and use by the Employer, as follows: 


a) Five (5) bound sets of O&M Manuals. 
b) One (1) loose set (Coloured / black line prints) of O&M Manuals. 
c) Five (5) sets of O&M Manuals in electronic PDF format (in CD-ROM). 


Form of Submittal: Prepare O&M Manuals in the form of an instructional manual for use by 
the Employer's operating personnel. Organize into suitable sets of manageable size. Where 
possible, assemble instructions for similar equipment into a single binder. 


1. 


Complete Listing: Provide a complete list showing the actual number of volumes and 
files of O&M Manuals, for the project. Also, provide a list showing the number of 
volumes and files included in a particular submittal. 

Binders: For each manual, provide heavy-duty, commercial-quality, 3-ring, vinyl- 
covered, loose-leaf binders, in thickness necessary to accommodate contents, sized to 
receive Metric-Size "A4" (210 mm by 297 mm) paper. Provide a clear plastic sleeve on 
the spine to hold labels describing the contents. Provide pockets on the inside of the 
covers to receive folded sheets. 


a. Where 2 or more binders are necessary to accommodate data, correlate data in 
each binder into related groupings for similar items. Establish a logical, well- 
organized table of contents and O&M Manual binders layout. Cross-reference 
other binders where necessary to provide essential information for proper 
operation or maintenance of the piece of equipment or system. 
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b. Identify each binder on front and spine, with the printed title "OPERATION 
AND MAINTENANCE MANUAL", Works title or name, and subject matter 
covered. Indicate volume number for multiple-volume manuals. Indicate the 
applicable 5-digit specification Part number for reference as appropriate on the 
front of each major O&M Manual section. 

c. They must be filled with good quality files and proper labelling. 


3. Organize each O&M Manual into separate Parts for each piece of related equipment. Each 
manual section shall contain a title page; a table of contents; copies of pertinent product 
data, supplemented by drawings and written text; and copies of each warranty, bond, and 
service contract issued. 


a. Title Page: Provide a title page in a transparent, plastic envelope as the first 
sheet of each manual. Provide the following: 


1) Subject matter covered by the manual section. 

2) Name and address of the Works. 

3) Contract (project) Number. 

4) Date of submittal. 

5) Name, address, and telephone number of the Contractor. 

6) Name and address of the Engineer. 

7) Cross-reference to related systems in other O&M Manuals or Parts of the 
subject O&M Manual. 


b. Table of Contents: After the title page, include a typewritten table of contents 
for each volume, arranged systematically. Include a list of each product 
included, identified by product name or other appropriate identifying symbol and 
indexed to the content of the volume. Where a system requires more than one 
volume to accommodate data, provide a comprehensive table of contents for all 
volumes in each volume of the set. 

Cc. General Information: Provide a general information section immediately 
following the table of contents, listing each product included in the manual, 
identified by product name. Under each product, list the name, address, and 
telephone number of the subcontractor or installer and the maintenance 
contractor. Clearly delineate the extent of responsibility of each of these entities. 

d. Product Data: Where the manuals include the manufacturer's standard printed 
data, include only sheets that are pertinent to the part or product installed. Mark 
each sheet to identify each part or product included in the installation. Where 
the Project includes more than one item in a tabular format, identify each item, 
using appropriate references from the Contract Documents. Identify data that is 
applicable to the installation, and delete references to information that is not 
applicable. 

e. Written Text: Prepare written text to provide necessary information where the 
manufacturer's standard printed data is not available, and the information is 
necessary for the proper operation and maintenance of equipment or systems. 
Prepare written text where it is necessary to provide additional information or to 
supplement data included in the manual. Organize text in a consistent format 
under separate headings for different procedures. Where necessary, provide a 
logical sequence of instructions for each operation or maintenance procedure. 

f. Drawings: Original project record documents as part of O&M Manuals. 
Warranties, Bonds, and Service Contracts: Original documentation. 
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4. Dividers: Provide heavy paper dividers with celluloid-covered tabs for each separate 
Section. Mark each tab to indicate its contents. Provide a typed description of the product 
and major parts of equipment included in the section on each divider. 


5. Protective Plastic Jackets: Provide protective, transparent, plastic jackets designed to 
enclose diagnostic software for computerized electronic equipment. 

6. Text Material: Where O&M Manuals require written material, use the manufacturer's 
standard printed material. If the manufacturer's standard printed material is not available, 
provide specially prepared data, typewritten, on Metric Size "A4" (210 mm by 297 mm), 
75-g/sq. m, white bond paper. 

7. Drawings: Provide reinforced, punched binder tabs on drawings and bind them in with 


the text. 
a. Where oversize drawings are necessary, fold drawings to the same size as text 
pages and use as a foldout. 
b. If drawings are too large to be used practically as a foldout, place the drawing, 


folded, in the front or rear pocket of the binder. Insert a typewritten page 
indicating the drawing title, description of contents, and drawing location at the 
appropriate location in the manual. 


8. Loose Copy: Shall be in blue / black line prints. Enclosed drawings shall be the same 
sign as original Mylar / polyester films. 

9. Electronic Format: Provide five (5) sets of O&M Manuals in CD — ROM format including 
file index, procedures and all related catalogues and brochures. 

10. All O&M Manuals shall be stamped as “Final Copy” on the front page assuring that such 
are final. 

11. All drawings, sketches and diagrams included in the O&M Manuals shall also be stamped 
as “As-Built” and certified accordingly by the Contractor. 

12. Other Documents / Reports: Provide one list of a full report about the project, Test results 
and any other information / documents, which are not included in the O&M manuals and 
As-Built drawings 


1.6 O&M MANUAL CONTENT 


A. | Each O&M Manual shall include the information specified in the applicable individual 
Specification Section and, as a minimum, shall include the following general 
Parts/subsections and information. The O&M Manual shall address each 
component/equipment/item and its controls and each major facility included within the scope 
of work. 


1. How to Use the Manual. This Part shall be a guide to the contents, structure, and layout 
of the manual. It shall enable the reader to comprehend the scope of the document and 
identify readily where specific information can be obtained. 

2: Overall Purpose. This Part shall provide a general overview of the original design 
intent. 

3. Description. This Part shall include the following: 


a. Type of system. 
b. System location and what it serves. 
c. System inputs/interfaces; i.e., what the system depends upon in order to function. 
d. Design data, basic design parameters, and basic assumptions made during 
design. The appropriate Employer's Design Criteria documents will be made 
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available for the Contractor’s use and information and to assist in the preparation 
of this section of the O&M Manual. 

Rationale for selecting particular plant processes/equipment. 

Expected service life (where available). 

Planned operational efficiencies. 


4. Equipment Schedule and Identification. This Part shall include the following for all 
components within each system: 


i cd 


Type of equipment. 

Name of the manufacturer. 

Equipment model number of each component. 

Equipment serial number of each component. 

Items within each system shall be listed, together with the names of their 
respective manufacturers or suppliers. 


5; Parts Identification and Recommended Spares. This Part shall include the following 
for all components within each system: 


c. 
d. 


A parts identification list detailing and identifying replaceable assemblies, sub- 
assemblies, and components. It shall include suppliers’? recommendations for 
both spares and “running spares” for the First year period and Second year period 
as a minimum; i.e., parts required for scheduled replacement due to wear or 
deterioration. 

Items normally held in stock locally by the supplier or for which a refurbishment 
service is available shall be clearly identified. 

Recommended stocking levels of spare parts. 

Manufacturing and shipping time required for imported spare parts. 


6. Commissioning Data. This Part shall include the following: 


mwmonogs 


Measured data. 

Measurement points. 

Test equipment used. 

Calibration certificate details. 

Test certificates. 

Safety and fire certificates (where applicable). 

A statement of whether the design requirements were achieved. 


7. Operation. This Part shall include instructions for the safe and efficient operation, 
under both normal and emergency conditions. These will be in addition to 
manufacturers’ literature for all plant items and shall include the following: 


a. A recommended strategy for operation and control. 

b. An outline of the general operating mode. 

c. Control data (location, effect, object, sequence, limits of capability, modes, set 
points). 

d. For electric and electronic systems, provide complete circuit directories of 
control panels, local panels/racks, programmable logic controller units, 
panelboards, etc. including the following: 

1) Electric service. 
2) Controls. 
3) Communications. 
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Charts of valve-tag numbers, with the location and function of each valve. 
Procedure and sequences for start-up, running, and shutdown, under both normal 
and emergency conditions. 

Interlocks between various plant items. 

Operating procedure for standby operations and plant. 

Precautions necessary to overcome known hazards. 

The means by which any potentially hazardous condition may be made safe. 
Target figures for both energy consumption and energy costs. 

Forms for recording plant running hours, energy consumption, and energy costs. 


=o 
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8. Maintenance. This Part shall include the following: 


a. Manufacturers’ recommendations and instructions for maintenance for each 
item of plant and equipment. A clear distinction shall be made between planned 
tasks (preventative maintenance) and work done on a corrective basis. 
Instructions shall be given on each of the following, as appropriate: 


1) The isolation and return to service of systems and equipment. 

2) Adjustments, calibration, and testing. 

3) Dismantling and re-assembly. 

4) The exchange of components and assemblies. 

5) Dealing with hazards that might arise during maintenance. 

6) The nature of expected deterioration and the types of defects anticipated. 
7) Spare Parts, Special tools, test equipment, and ancillary services. 


b. Maintenance schedules shall be provided for preventative maintenance tasks and 
shall be based on manufacturers’ recommendations and other authoritative 
sources and shall include the following: 


1) Inspections. 

2) Examinations. 

3) Tests. 

4) Adjustments. 

5) Calibration. 

6) Lubrication. 

7) Periodic overhaul. 


© 


Procedures for the logical diagnosis and correction of faults. 

d. A schedule for all systems/components requiring lubrication shall be provided 
together with manufacturers’ recommendations on the type of lubricant and the 
method and frequency of application. Where the type of lubricant is identified 
by product name, a generic reference (e.g., BS) shall also be given. Special 
requirements for the handling and storage of lubricants shall be provided. Where 
applicable, names of locally available lubricants shall be provided. 


9. Modification Information. This Part shall include information on permitted plant or 
system modifications allowed for by the manufacturers or system designers for each 
system. Space shall be provided in the manual for the recording of all modifications 
and changes as they occur. 
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10. Disposal Instructions. This Part shall include the following: 


a. Any known dangers likely to arise during the disposal of specific items of 
systems or equipment, together with the necessary precautions and safety 
measures. 

b. Methods for safely disposing of or destroying the equipment or any parts thereof, 
including packaging, insulation, and fluids. 

c. Sources from which further advice on safe disposal can be obtained. 

11. Names and Addresses of Manufacturers. This Part shall include the following: 


Name of each equipment/item. 

Name of the manufacturer. 

Address of manufacturer. 

Telephone number and telex/fax number of the manufacturer. Include an E-Mail 
address if available. 

Name of local supplier/agent. 

Address of local supplier/agent. 

Telephone number and telex/fax number of local supplier/agent. Include E-Mail 
address if available. 


m ho 


12. Index of Plans and Drawings. This Part shall include the following: 


a. An index shall be provided of all “As Fitted” drawings supplied during the 
course of the installation work, included by number and title. 

b. The index shall also include a schedule of all drawings issued by each 
manufacturer and supplier during the course of the installation work; e.g., control 
panel wiring diagrams. 

Cc. In addition to manufacturer-prepared documentation and drawings as specified 
below, the O&M Manual shall contain copies of Contractor-prepared 
Coordination Drawings that accurately represent the final as-built condition of 
the facility/system. 


13. Emergency Information. This Part shall include the following: 


a. Names, addresses, telephone, and telex/fax numbers of the appropriate contacts 
in the event of fire, theft, burglary, and fuel, gas, electricity or water failure/leaks. 
It shall also list those firms or staff to contact in the event of the failure or 
breakdown of such facility items as elevators, security gates, and miscellaneous 
mechanical and electrical equipment. 

b. Where applicable, the location of firefighting equipment, hydrants, and rising 
mains shall be identified and described. 


14. Manufacturers’ Literature. This Part shall include the following: 


a. A complete set of all manufacturers’ literature shall be provided for each of the 
systems and equipment installed and assembled. As a minimum, the following 
document types shall be provided: 


1) Product data shall be the manufacturer’s original printed data (not copies). 
2) Copies of applicable Shop Drawings and Product Data. 

3) Assembly drawings and diagrams required for maintenance. 

4) Wiring diagrams. 

5) Inspection and test procedures. 

6) Repair instructions including spare parts listing. 
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7) Maintenance procedures and schedules. 

8) Precautions against improper use and maintenance. 

9) Sources of required maintenance materials and related services. 

10) Description of the sequence of operation and as-installed control diagrams 
by the control manufacturer for systems requiring controls. 

11) Specially prepared drawings where necessary to supplement the 
manufacturer's printed data to illustrate the relationship of component 
parts of equipment or systems or to provide control or flow diagrams. 
Coordinate these drawings with the information contained in Project 
Record Drawings to assure correct illustration of the completed 
installation. 


b. This literature shall provide the following: 


1) Description of the product as purchased. 

2) The cost and date of purchase. 

3) Performance - behavioural characteristics of the equipment in use (e.g., 
performance curves for pumps). 

4) Equipment or system function. 

5) Operating characteristics. 

6) Limiting conditions. 

7) Engineering data and tests. 

8) Complete nomenclature and number of replacement parts. 

9) Applications - suitability for use. 

10) Operation and Maintenance details. 

11) Resources of labour, plant, material, and space required. 

12) Methods of operation and control. 

13) Cleaning and maintenance requirements. 

14) Protective measures. 

15) Labour safety and welfare associated with the equipment. 

16) Public safety considerations. 


15. Manufacturers’ Guarantees and Warranties. This Part shall include copies of each 
warranty, bond, or service contract in the appropriate manual for the information of the 
Employer's operating personnel. Provide written data outlining procedures to follow 
in the event of product failure. List circumstances and conditions that would affect the 
validity of the warranty or bond. 


1.6 INSTRUCTIONS FOR THE EMPLOYER'S PERSONNEL 


A. Prior to final inspection, instruct the Employer's personnel in the operation, adjustment, and 
maintenance of products, equipment, and systems. Provide instruction at mutually agreed 


upon times. 

1. Use O&M Manual Parts for each piece of equipment or system as the basis of 
instruction. Review contents in detail to explain all aspects of operation and 
maintenance. 
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PART 2 - PRODUCTS (Not Applicable) 


PART 3 - EXECUTION (Not Applicable) 


END OF SECTION 017823 
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SECTION 017836 - WARRANTIES 


PART 1 - GENERAL 


1.1 


1.2 


SUMMARY 


Section Includes: General requirements for written warranties, guaranties, and bonds required 
by the Contract Documents. 


Referenced Documents and Sections: 


1. General Conditions. 
Supplementary Conditions. 

3. Division 01 Section “Closeout Procedures”: Submittal of warranties, guarantees, and 
bonds as a condition of Substantial Completion. 

4. Division 01 Section “Operating and Maintenance Data: Incorporation of warranties, 
guarantees, and bonds into instruction manuals. 

5. Specification sections for warranty clauses specified. 


Approval of the warranties, guarantees, and bonds by the Employer is a prerequisite to final 
payment under the Contract. 


GENERAL 


Deliver warranties, guaranties, and bonds required by Contract Documents as stated in the 
General Conditions, with Employer named as beneficiary. 


System Warranty: Provide a system warranty in which the Manufacturer, Installer, and 
Contractor are jointly and severally liable and agree to repair or replace defective components 
of the warranted item. 


Warranty shall include: 


Defective materials and installation. 

Failure to comply with requirements stated in technical specifications. 

Structural failures including, but not limited to, excessive deflection. 

Faulty operation of movable parts such as hardware. 

Deterioration of metals, metal finishes, and other materials beyond normal weathering 
and use. 

Delamination of exterior or interior facing materials. 

Making good and installation and finishing all items that are disturbed and that may be 
required due to repair or replacement of defective items. Coordinate with Employer, 
manufacturer, and installer of adjacent disturbed items to ensure that their warranty is 
not cancelled due to the repair work. 


od Sa 
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Limitations: state the limitations of the warranty as agreed with the Engineer/ Employer. 


Warranty Period: One year from the date of Substantial Completion or as specified in the 
respective technical specifications, whichever is longer. 
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1.3 WARRANTY/GUARANTY FORM 


A. Submit a paper and PDF digital copies of warranties and guarantees, on the Contractor's, 
subcontractor's, material supplier's, or manufacturer's own letterhead, addressed to the 
Employer. 

B. Submit warranties and guaranties in duplicate, in the form, indicated, signed by cognizant 


entities, including the Contractor in every case, with modifications as approved by the 
Employer to suit the conditions pertaining to the warranty or guaranty. 


1.4 SUBMITTAL 


A. Collect and assemble written warranties and guarantees as instructed in Division 01 Section 
“Closeout Procedures”, and submit to Engineer for delivery to Employer for final review and 
approval. 


1.5 TERMS 


A. In addition to specific product requirements, the Contractor agrees to repair or replace 
defective materials, workmanship, or failures in a timely, satisfactory manner at no cost to the 
Employer. 


PART 2 - PRODUCTS Not Applicable 


PART 3 - EXECUTION Not Applicable 


END OF SECTION 017836 
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SECTION 017839 - RECORD (AS-BUILT) DOCUMENTS 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Specification Sections, apply to this Section. 


1.2 SUMMARY 


A. Section includes administrative and procedural requirements for project record (As-Built) 
documents, including and not limited to the following: 


1. Record Drawings. 

2. Record Specifications. 

3. Record Product Data. 

4. Miscellaneous record submittals. 


B. Related Sections: 


1. Division 01 Section "Multiple Contract Summary" for coordinating project record 
documents covering the Work of multiple contracts. 

2. Division 01 Section "Closeout Procedures" for general closeout procedures. 

3. Division 01 Section "Operation and Maintenance Data" for operation and maintenance 
manual requirements. 

4. Specifications Sections for specific requirements for project Record (As-Built) Documents 
of the Work in those Sections. 

5. Specification Sections for specific requirements for Miscellaneous Record keeping and 
submittal in those Sections. 


1.3 CLOSEOUT SUBMITTALS 
A. Record Drawings: Submit copies of Record Drawings as follows: 


1. Initial Submittal: Submit two sets of plots from Record CAD Drawing files and the 
original marked-up Record Prints. The Engineer will initial and date one set of plots and 
mark whether the general scope of changes, additional information recorded, and quality 
of drafting are acceptable. The Engineer will return one set of plots and Record Prints 
together with review comments, for completing, printing, binding, and final submittal. 

2. Final Submittal: After incorporating the Engineer's initial submittal review comments, 
submit: 


a. Original marked-up Record Prints set. 
b. Sets of (As-Built) Drawings as follows: 


1) Five (5) Sets electronic AutoCAD format: (in CD-ROM or USB). 
2) Five (5) Sets in electronic PDF format: (in CD-ROM or USB). 

3) One (1) set reproducible loose copy. 

4) Five (5) bound sets of prints (AO Size) or other approved size. 
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5) Comply with Part 19 “Operation & Maintenance Data” for the number of 
sets required for the O&M Manual. 


Record Specifications: Submit five (5) copies of Record Specifications, including addenda 
and contract modifications and Five (5) Sets in electronic PDF format: (in CD-ROM or USB). 


Record Product Data Submit five (5) copies of Record Specifications, including addenda and 
contract modifications and Five (5) Sets in electronic PDF format: (in CD-ROM or USB) of 
each submittal. 


1. Where record Product Data are required as part of operation and maintenance manuals, 
submit duplicate marked-up Product Data as a component of the manual. 


Miscellaneous Record Submittals: Refer to other Specification Sections for miscellaneous 
record-keeping requirements and submittals in connection with various construction 
activities. Submit five (5) sets of miscellaneous recordsRetain paragraph below if Engineer 
desires Contractor report documenting record document activity as means of enforcing 
routine and current maintenance of record documents. 


Prior to the submission of any Record Documents, AS-BUILT and marked-up final Record 
Prints, the Contractor shall submit a list of all the documents/drawings to be submitted for the 
Engineer's approval 30 days before the submission of any of the aforementioned submittals. 


PART 2 - PRODUCTS 


2.1 RECORD DRAWINGS 
A. Record Prints: During the construction period, print and maintain one set of blue- or black- 
line white prints of all Contract Drawings, approved Shop Drawings and newly prepared 
Drawings, for Record Print purposes. 
1. Preparation: Mark record prints to indicate all changes and field adjustments and to show 
the actual installation where installation varies from that shown originally 
a. Give particular attention to information on concealed elements that would be 
difficult to identify or measure and record later. 
b. Accurately record information in an acceptable drawing technique. 
c. Record data as soon as possible after obtaining it. 
d. Record and check the markup before enclosing concealed installations. 
e. Cross-reference record prints to corresponding archive photographic 
documentation. 
2. Content: Types of items requiring marking include, but are not limited to, the following: 
a. Dimensional changes to Drawings. 
b. Revisions to details shown on Drawings. 
c. Depths of foundations below the first floor. 
d. Locations and depths of underground utilities. 
e. Revisions to routing of piping and conduits. 
f. Revisions to electrical circuitry. 
g. Actual equipment locations. 
h. Duct size and routing. 
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i. Locations of concealed internal utilities. 
j. Changes made by Change Order or Site Instruction. 
k. Changes made following the Engineer's written orders and the Engineer's 


acceptance of substitutions or alternatives, etc. 
l. Details not on the original Contract Drawings. 
m. Field records for variable and concealed conditions. 


n. All coordinates shown on the drawings shall be in accordance with the system 
agreed with the Engineer. 
o. Record information on the Work that is shown only schematically. 


3. Mark record prints of Contract Drawings or Shop Drawings, whichever is most capable of 
showing actual physical conditions, completely and accurately. If Shop Drawings are 
marked, show cross-reference on the Contract Drawings. 

4. Mark record sets with an erasable, red-colored pencil. Use other colors to distinguish 
between changes for different categories of the Work at the same location. 

5. Mark important additional information that was either shown schematically or omitted 
from Original Drawings. 

6. Note Variation numbers, Site Instruction numbers, and similar identification, where 


applicable. 
A. Newly Prepared Record Drawings: Prepare new Drawings where the Engineer determines 
that neither the original Contract Drawings nor Shop Drawings are suitable to show actual 
installation. 


1. New Drawings may be required when a Variation is issued or as a result of the Engineer 
accepting an alternate, substitution, or other modification. 

2. Consult with the Engineer for proper scale and scope of detailing and notations required 
to record the actual physical installation and its relation to other construction. Integrate 
newly prepared Record Drawings into Record Drawing sets; comply with procedures for 
formatting, organizing, copying, binding, and submitting. 


B. Progress Review: Unless otherwise indicated or directed, submit a copy of marked-up Record 
Prints and newly prepared Record Drawings at monthly intervals, for progress review and 
acceptance by the Engineer. 


1. Limit submittals to drawings marked-up, prepared or further amended since the previous 
submittal. List drawings contained in each submittal on transmittal form. 


C. Record CAD Drawings: Before requesting inspection for determining the date of Substantial 
Completion, review marked-up final Record Prints with the Engineer. When authorized, 
prepare a full set of CAD Drawings of all Contract Drawings, Shop Drawings and newly 
prepared Drawings, whether or not changes or additional information are recorded: 


1. Incorporate changes and additional information previously marked on Record Prints. 
Delete, redraw, and add details and notations where applicable. 

2. Refer instances of uncertainty to the Engineer for resolution. 

3. Identify and date each Record Drawing; include the designation "RECORD (AS-BUILT) 
DRAWING" in a prominent location. 


D. Record CAD Drawing Plots: Produce a full set of Record Drawing Plots from completed 
Record CAD Drawing files. 
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E. Final Submittal Format: 


1. Record Prints: Organize Record Prints and newly prepared Record Drawings into 
manageable sets. Bind each set with thick cover sheets. Include identification and list 
contents on cover sheets. 

2. Record CAD Drawings: Organize CAD information into separate electronic files that 
correspond to each sheet of the Record Prints. Produce a "List of Drawings" sheet. Name 
each file with the sheet identification number. Include identification in each CAD file. 


All as follows: 
a. All As-Built drawings and GIS files to be submitted coordinate system as agreed 
with the Engineer. 
b. The master map unit for As-Built drawings and GIS files should be in meter (m) 
only. 


c. All As-Built CAD drawings and GIS files to be submitted in digital formats on 
CDs or USB media. 

d. As-Built CAD and GIS formats are both required for any As-Built design / entity 
submission. 

e. All As-Built GIS maps to be submitted in standard shape files. 

f. All As-Built CAD drawings should be submitted in original AutoCAD format, 
(not converted), unless agreed otherwise with the Engineer. 

g. Pen width details for plotting should also be provided in each drawing. (Outside 
the drawing area). 

h. All reference files (if used) should be copied in a directory called ‘reference’. 

i. If any of the files/drawings are using fonts other than the normal fonts provided 
by the software, then those fonts shall also be copied in a separate directory 
called ‘fonts’. 


j. Drawing should be neat and perfect. None of the items shall be outside the 
drawing sheet area. 

k. Drawings of different disciplines (i.e. Architectural, Structural, Electrical, 
Mechanical etc.) shall be kept in separate directories with suitable names. 

l. One file shall contain only one drawing. 


m. Drawing shall be drawn/organized in suitable/proper layers/levels. The same 
kind of items shall always be in the same layer/level. 

n. Drawing shall be copied into CDs or USBsin such a way that, when one drawing 
is opened from the CD or USB, it must be complete and all reference files, fonts 
& libraries (if used) should attach automatically. 

o. The index of drawings shall also be provided in the original format of the 
drawing (DGN or DWG) and it must be kept in a directory called “general”. 

p. Total number of As-Built drawings in the index and in the CD or USB shall be 
the same. 

q. Change notice drawings shall be submitted along with all other drawings of that 
project package in a new CD or USB. 


3. Reproducible Copy: Organize into unbound sets matching Record Prints. Place in durable 
tube-type drawing containers with end caps. Mark the end cap of each container with 
identification. If a container does not include a complete set of Drawings, attach a label 
and identify the Drawings included. All are as follows: 


a. All the drawings must be either AO or Al size. (Standard). 
b. Maximum size of the sheet shall not exceed 1200 x 880 mm. 
c. All drawings must be in good quality paper. 
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4. Copy Prints: Organize into bound sets matching Record CAD Drawing Plots. The 
Engineer will deliver the Employer copy sets. All as follows: 


a. They must be in standard in A2 size. 
b. They must be properly bound using thick covering sheets. 


Laminated labelling must be as in the following format or the format provided by the 
Employer, which shall be coordinated with the Engineer: 


<PROJECT TITLE> 


PROJECT NO...... 
DESCRIPTION 


AS-BUILT DRAWINGS 
DATE: 


Vol. No:..... DISCIPLINE 


c. The scale of the drawings in the bound book shall match with the scale shown 
in the title block of the drawing of a bound book. 


5. General (for Soft copy & Hard copy) 


a. Each document should be verified thoroughly by the consultant/contractor 
before submission. 

b. “As-Built” stamp/seal with the date and signature of the verified person shall be 
provided in each drawing. 

c. “As-Built” stamp/seal (item 5. b above) shall be exactly like below or the format 


provided by the Employer, which shall be coordinated with the Engineer: 


AS -BUILT DRAWING 
CHECKED AND CERTIFIED BY 
CONTRACTOR REPRESENTATIVE 
SIGNATURE: DATE: 

NAME: 

VERIFIED BY CONSULTANT 
REPRESENTATIVE 
SIGNATURE: DATE: 
NAME: 


d. Drawing should be in proper scale and Project number, its description & scale 
of the drawing shall also be mentioned in the title block along with other details. 

e. Key plan & north symbol shall be provided in the upper right corner of the 
drawings (wherever it is applicable). 
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North symbol (item 5. e above) shall be as sample below: 


Do 
A/N 


Provide a hard copy of the list (index) of drawings as in the following format or 
the format provided by the Employer, which shall be coordinated with the 
Engineer: 


Discipline (Architectural, Structural, Mechanical, etc.) 


SI. No. 


Sheet no. Drg. No. Rev. No. Drg. File name | Description 


2.2 


All the drawings must be numbered serially (sheet number), starting from 001 
(drawing index as sheet no. 001) and must be listed in the drawing index. (Total 
number of drawings in one project (Package) should be the same as the sheet 
number of the last drawing). 

One file shall contain only one drawing. (This point is also incorporated under 
item 2.1. F.2 above). 

All the drawings, sketches or diagrams inside the O&M manuals shall also be 
stamped as As-Built and certified by the contractor and consultant. 

All As-Built drawings and GIS files to be submitted in the coordinate system to 
be agreed with the Engineer. 

All As-Built CAD drawings and GIS files to be submitted in digital formats on 
CD media. 

As-Built CAD and GIS formats are both required for any As-Built design / entity 
submission. 

All As-Built GIS maps to be submitted in standard shape files. 


RECORD SPECIFICATIONS 


Preparation: Mark Specifications to indicate the actual product installation where installation 
varies from that indicated in Specifications, addenda, and contract modifications. 


1. Give particular attention to information on concealed products and installations that cannot 


be readily identified and recorded later. 


2. Mark copy with the proprietary name and model number of products, materials, and 
equipment furnished, including substitutions and product options selected. 
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2.3 


2.4 


A. 


A. 


. Record the name of the manufacturer, supplier, Installer, and other information necessary 


to provide a record of selections made. 


. For each principal product, indicate whether record Product Data has been submitted in 


operation and maintenance manuals instead of submitted as record Product Data. 


. Note related Change Orders, record Product Data, and record Drawings where applicable. 


RECORD PRODUCT DATA 


Preparation: Mark Product Data to indicate the actual product installation where installation 
varies substantially from that indicated in the Product Data submittal. 


1. 


2. 


Give particular attention to information on concealed products and installations that cannot 
be readily identified and recorded later. 

Include significant changes in the product delivered to the Project site and changes in the 
manufacturer's written instructions for installation. 


. Note related Change Orders, record Specifications, and record Drawings where applicable. 
. Include record Product Data directory organized by specification section number and title, 


electronically linked to each item of record Product Data. 


MISCELLANEOUS RECORD SUBMITTALS 


Assemble miscellaneous records required by other Specification Parts for miscellaneous 
record keeping and submittal in connection with the actual performance of the Work. Bind 
or file miscellaneous records and identify each, ready for continued use and reference. 
Miscellaneous records include, but are not limited to, the following: 


WCMOIADNARWNHE 


. Field records on excavations and foundations. 

. Field records on underground construction and similar work. 

. Surveys showing locations and elevations of underground lines. 
. Invert elevations of drainage piping. 


Surveys establishing building lines and levels. 


. Special and authorized measurements. 

. Certifications received in lieu of labels on bulk products. 
. Batch mixing and bulk delivery records. 

. Testing and qualification of tradesmen. 


10.Documented qualification of installation firms. 

11.Tests and inspections. 

12.Inspections and certifications by governing authorities. 

13.Final inspection and correction procedures. 

14.Any other information / documents which are not included on As-Built Drawings and 


Operation and Maintenance Manuals. 


PART 3 - EXECUTION 


3.1 RECORDING AND MAINTENANCE 
A. Recording: Maintain one copy of each submittal during the construction period for project 
record document purposes. Post changes and modifications to project record documents as 
they occur; do not wait until the end of the Project. 
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B. Maintenance of Record Documents and Samples: Store record documents and Samples in 
the field office apart from the Contract Documents used for construction. Do not use project 
record documents for construction purposes. Maintain record documents in good order and 
in a clean, dry, legible condition, protected from deterioration and loss. Provide access to 
project record documents for Engineer's inspection and reference during normal working 
hours. 


END OF SECTION 017839 
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SECTION 017900 - DEMONSTRATION AND TRAINING 


PART 1 - GENERAL 


1.1 


1.2 


A. 


RELATED DOCUMENTS 


Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Specification Sections, apply to this Section. 


SUMMARY 


This section covers the requirements for preparing, administering, and conducting a training 
program in English for the Employer - nominated operator (as applicable), maintenance, 
supervisor, and instructor trainees in the operation, maintenance, and computer software 
programming of the system. Training shall be of sufficient scope and depth to ensure that all 
operations, maintenance, and computer software trainees who complete the training program 
will be fully qualified, certified and capable of operating and/or maintaining the 
system/subsystems as installed under this Contract. The program shall provide the training, 
orientation, and familiarization necessary to ensure a smooth transition between system 
installation and operations activities 


This Section includes administrative and procedural requirements for instructing Employer’s 
personnel, including the following: 


1. Demonstration of operation of systems, subsystems, and equipment. 
2; Training in operation and maintenance of systems, subsystems, and equipment. 
3. Demonstration and training video recordings. 


Related Sections: 


1. Divisions 02 through 33 Sections for specific requirements for demonstration and 
training for products in those Sections. 


Two copies of submittals required by this Part shall be supplied to Engineer/Employer 
Authorized Representative for review not later than ninety (90) days prior to the scheduled 
start of each formal training course. Thirty (30) days shall be allowed for such review. 
Training shall be performed only in accordance with such reviewed and approved training 
program submittals. All training aids proposed for use in the program shall be available for 
inspection prior to commencement of training. Upon completion of the training program, the 
training aids, tools, test equipment, training manuals and other materials relating to the 
program shall be handed over to the Employer. 


When short familiarization courses are offered to the Contractor by the equipment 
manufacturer/vendor as a common industry practice at no extra cost to the Contractor, then 
the Contractor shall make arrangements for the Employer nominated staff to attend such 
courses at no additional cost to the Employer 
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1.3 SUBMITTALS 


The following submittals will be required: 


A. Instruction Program: Submit for the Engineer's approval, two copies of the outline of the 
instructional program for demonstration and training, including a list of training modules and 
a schedule of proposed dates, times, length of instruction time, and instructors' names for each 
training module. Include learning objective and outline for each training module. 


1. Indicate proposed training modules utilizing manufacturer-produced demonstration 
and training video recordings for systems, equipment, and products in lieu of video 
recording of the live instructional module. 

2: Include providing instruction at the start of each season for equipment that requires 
seasonal operation and maintenance. 


B. A training program stating all program courses and activities, and their individual duration, 
sequence, and interrelationships. 


C. A narrative description of each course, including its purpose, technical scope, and the number 
of hours from the start of the course to trainee certification. 


D. Current résumés of training and technical personnel who will be assigned to the classroom 
and/or on-the-job (hands-on) phases of training. Résumés shall be identified by course. 


E. The ratio of training and technical personnel to trainees for both classroom and on-the-job 
phases of each course. 


F. A narrative (verbal) and graphic (pictorial) explanation of the system's operational scheme 
and features that will be covered in the Operations-related courses. 


G. A narrative (verbal) and graphic (pictorial) explanation of the system's operational and 
maintenance schemes that will be covered in the maintenance-related courses. 


H. A comprehensive training manual for each course in the form and content that will be used in 
both classroom and on-the-job phases of training. In addition to other information, the manual 
shall contain an agenda, the hours devoted to each topic/subject, and the objectives for each 
lesson. Such a manual shall be prepared in English. 


I. A descriptive listing, by course, of all training aids to be used during both classroom and on- 
the-job phases of training. 


J. A narrative description of the practices to be followed to measure, record, and report each 
trainee's progress and proficiency on completion of formal training. Also, a description of the 
method(s) to be used to certify trainees as being capable to operate and/or maintain the 


system/subsystem. 
K. | Samples of written examinations to be used for each course. 
L. A narrative description of the methods proposed to provide make-up instruction for trainees 


who miss training sessions due to illness or approved absences. 


M. A bibliography containing a listing of reference publications to be used in conjunction with 
classroom and on-the-job training. 
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N. Attendance Record: For each training module, submit the list of participants and length of 
instruction time. 


O. Evaluations: For each participant and for each training module, submit results and 
documentation of performance-based tests. 


1.4 EMPLOYER-NOMINATED STAFF 


A. Employer will nominate staff to receive training. Such trainees may be expected to be familiar 
with the fundamental concepts of the operation and maintenance of similar systems and be 
basically qualified in both written and spoken English. Each trainee will be designated by the 
Employer in one of the three categories (trainee, supervisor-trainee, or instructor-trainee) for 
operations, maintenance, or computer software training. 


1.5 ASSISTANCE TO KEY TECHNICAL PERSONNEL 


A. All key technical personnel of the Contractor shall have a general responsibility to assist 
Employer-nominated trainees in conducting training for the operations and maintenance of 
the system/subsystem and equipment. Such assistance shall be a part of their duties and shall 
be included in their job descriptions. 


1.6 QUALIFICATIONS OF TRAINING PERSONNEL 


A. Personnel designated to conduct training shall be fully qualified and shall have a minimum of 
three years of experience with the system/subsystems as installed, or comparable successful 
experience as a trainer. 


1.7 CLOSEOUT SUBMITTALS 


A. Demonstration and Training Video Recordings: Submit five copies within seven days of the 
end of each training module. 


1. Identification: On each copy, provide an applied label with the following information: 


Name of Project. 

Name and address of videographer. 
Name of Engineer. 

Name of Contractor. 

Date of video recording. 


eno o8 


2. Transcript: Prepared on 8-1/2-by-11-inch (215-by-280-mm) paper, punched and bound 
in heavy-duty, three-ring, vinyl-covered binders. Mark appropriate identification on 
the front and spine of each binder. Include a cover sheet with the same label 
information as the corresponding video recording. Include the name of the Project and 
the date of the video recording on each page. 


3. At the completion of training, submit complete training manual(s) for the Employer's 
use. 
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1.8 


A. 


B. 


C. 


D. 


1.9 


A. 


B. 


C. 


QUALITY ASSURANCE 


Facilitator Qualifications: A firm or individual experienced in training or educating 
maintenance personnel in a training program similar in content and extent to that indicated 
for this Project, and whose work has resulted in training or education with a record of 
successful learning performance. 


Instructor Qualifications: A factory-authorized service representative, complying with 
requirements in Division 01 Section "Quality Requirements," experienced in operation and 
maintenance procedures and training. 


Videographer Qualifications: A professional videographer who is experienced photographing 
demonstration and training events similar to those required. 


Review methods and procedures related to demonstration and training including, but not 
limited to, the following: 


1. Inspect and discuss locations and other facilities required for instruction. 
Review and finalize instruction schedule and verify availability of educational 
materials, instructors' personnel, audiovisual equipment, and facilities needed to avoid 


delays. 
3. Review required content of instruction. 
4. For the instruction that must occur outside, review weather and forecasted weather 


conditions and procedures to follow if conditions are unfavorable. 


COORDINATION 


Coordinate instruction schedule with Employer's operations. Adjust schedule as required to 
minimize disrupting the Employer's operations. 


Coordinate instructors, including providing notification of dates, times, length of instruction 
time, and course content. 


Coordinate content of training modules with the content of approved emergency, operation, 
and maintenance manuals. Do not submit the instruction program until operation and 
maintenance data has been reviewed and approved by the Engineer. 


PART 2 - PRODUCTS 


2.1 


A. 


B. 


C. 


INSTRUCTION PROGRAM 


Scope: Training shall be in sufficient scope to ensure that all trainees who complete the 
program will be certified as capable to operate and/or maintain the equipment, systems, and 
facilities furnished and installed under this contract, and to ensure a smooth transition between 
construction and operation activities. 


Language: Training shall be conducted in the English Language: Training shall be conducted 
in English. 


Program Structure: Develop an instruction program that includes individual training modules 
for each system and for equipment not part of a system, as required by individual Specification 
Sections. 
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2.2 TRAINING PROGRAM 


A. Scope: Training shall be in sufficient scope to ensure that all trainees who complete the 
program will be certified as capable to operate and/or maintain the equipment, systems, and 
facilities furnished and installed under this contract, and to ensure a smooth transition between 
construction and operation activities. 


B. Language: Training shall be conducted in English. 


Œ Program Structure: Develop an instruction program that includes individual training modules 
for each system and equipment not part of a system, as required by individual Specification 
Sections. 

D. Training Modules: Develop a learning objective and teaching outline for each module. 


Include a description of specific skills and knowledge that the participant is expected to 
master. For each module, include instruction for the following as applicable to the system, 
equipment, or component: 


1. Basis of System Design, Operational Requirements, and Criteria: Include the 
following: 
a. System, subsystem, and equipment descriptions. 
b. Performance and design criteria. 
c. Operating standards. 
d. Regulatory requirements. 
e. Equipment function. 
f. Operating characteristics. 
g. Limiting conditions. 
h. Performance curves. 
2. Documentation: Review the following items in detail: 
a. Emergency manuals. 
b. Operations manuals. 
c. Maintenance manuals. 
d. Project record documents. 
e. Identification systems. 
f. Warranties and bonds. 
g. Maintenance service agreements and similar continuing commitments. 
3. Emergencies: Include the following, as applicable: 
a. Instructions on the meaning of warnings, trouble indications, and error 
messages. 
b. Instructions on stopping. 
c. Shutdown instructions for each type of emergency. 
d. Operating instructions for conditions outside of normal operating limits. 
e. Sequences for electric or electronic systems. 
f. Special operating instructions and procedures. 


4. Operations: Include the following, as applicable: 


a. Startup procedures. 
b. Equipment or system break-in procedures. 
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2.3 


Boro obo mo 6 


Routine and normal operating instructions. 
Regulation and control procedures. 

Control sequences. 

Safety procedures. 

Instructions on stopping. 

Normal shutdown instructions. 

Operating procedures for emergencies. 

Operating procedures for system, subsystem, or equipment failure. 
Seasonal and weekend operating instructions. 
Required sequences for electric or electronic systems. 
Special operating instructions and procedures. 


Adjustments: Include the following: 


aoe 


Alignments. 

Checking adjustments. 

Noise and vibration adjustments. 
Economy and efficiency adjustments. 


Troubleshooting: Include the following: 


a. 
b. 


Diagnostic instructions. 
Test and inspection procedures. 


Maintenance: Include the following: 


mmonoge 


Inspection procedures. 

Types of cleaning agents to be used and methods of cleaning. 

List of cleaning agents and methods of cleaning detrimental to the product. 
Procedures for routine cleaning 

Procedures for preventive maintenance. 

Procedures for routine maintenance. 

Instruction on the use of special tools. 


Repairs: Include the following: 


a. Diagnosis instructions. 
b. Repair instructions. 
Cc. Disassembly; component removal, repair, and replacement; and reassembly 
instructions. 
d. Instructions for identifying parts and components. 
e. Review of spare parts needed for operation and maintenance. 
TRAINING AIDS 


Training aids shall include: approved operation and maintenance (O&M) manual(s) prepared 
by the Contractor as part of this Contract; training manuals, including course outline, the basic 
text of instructions modules, and trainee workbook; films; slides; videotape(s); charts; 
models; hand-outs; catalogues; samples; and other visual and written aids to complement 
instruction. In addition, spare parts and other special hardware shall be provided to support 
"hands-on" familiarization with the equipment or systems. 
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2.4 


2.5 


A. 


A. 


TRAINING MANUALS 


Training manuals in English shall be provided for each training course covering both the 
classroom and on-the-job phases. The organization of the manuals shall follow the same 
sequence as the course's scheduled presentation of material, providing such additional 
background and supplementary information as a trainee may need to understand the O&M 
manuals. The training manuals shall contain course agenda, a schedule of hours devoted to 
each topic or subject, and objectives for each lesson. 


DISPOSITION 


Upon completion of the training program, all training aids, test equipment, and similar items 
provided by the Contractor for this training program shall become the property of the 
Employer. 


PART 3 - EXECUTION 


3.1 PREPARATION 

A. Assemble educational materials necessary for instruction, including documentation and 
training modules. Assemble training modules into a combined training manual 

B. Set up instructional equipment at the instruction location. 

C. Scheduling: Provide instruction at mutually agreed-on times. For equipment that requires a 
seasonal operation, provide similar instruction at the start of each season. 

a. Schedule training with the Employer, through the Engineer, with at least seven 
days advance notice. 

D. SCOPE: 

1. Training shall be performed in accordance with an approved training program. All 
training aids shall be available and approved prior to the start of training. 

2. Each training course shall usually include classroom (theoretical) training and on-the- 
object (hands-on) training to provide practical experience. Where system/subsystem 
interfaces occur, such as with equipment or facilities furnished under other contracts, 
the Contractor shall cooperate with and assist the Employer/Engineer in coordinating 
the timing and scheduling of training so that trainees can be made familiar with the 
operation and maintenance of the system subsystem as a complete, in-place, operating 
unit. 

3. Laboratory equipment, spare parts, and mock-up models may be used for theoretical 
orientation. However, practical "hands-on" familiarization shall be provided on 
equipment that is either installed and operable or ready to be installed and capable of 
being operated. System spares of special hardware items may be used to support 
"hands-on" familiarization as long as said spares are returned to inventory in 
satisfactory condition in accordance with approved procedures. 

E. Proficiency: At designated intervals, each trainee's proficiency level shall be determined by 
written, oral, and practical performance tests. 
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F. Completion: Upon satisfactory completion of the training, it shall be certified, in writing, that 
each trainee, by name, is qualified to operate or maintain the system, supervise or instruct, as 
applicable. 

G. Make-up Instruction: Make-up instruction shall be scheduled to accommodate shift work and 


authorized absences. 


H. Training Categories: Training shall be provided using approved programs in the following 
categories: 


Operations. 

Maintenance. 

Computer Software. 

Operations — Supervisor. 

Operations — Instructor. 

Maintenance — Supervisor. 

Maintenance — Instructor. 

Other Categories as may be required by the Contractor's system design. 


SOD OT bo 


I. Operations Training: Operators shall be provided with thorough training in all aspects of 
system/subsystem operation under both normal and abnormal conditions. This training shall 
include, but not be limited to: 


1. Orientation to provide an overview of system/subsystem purpose, configuration, and 
operations. 


Terminology. 

Operations theory and interface. 

Equipment appearance, functions, concepts and operation. 

Operating modes, practices, and procedures under normal and emergency conditions. 
Safety precautions. 


SON se) ab 


On-the-job operating experience covering all system/subsystem operating functions, 
activities, and tasks including those associated with degraded operating modes; failure 
recognition, and recovery processes. 


8. Familiarity with the content and use of O&M manuals and related reference 
publications. 

J. Maintenance Training: Maintenance training shall cover all on-site routine preventive, and 
remedial maintenance of the system/subsystem. This training shall include, but not be limited 
to: 

1. Orientation to provide an overview of system/subsystem purpose, configuration, and 
operations. 
2 Terminology. 
3. Operations theory and interfaces. 
4. Equipment appearance, layout, functions, concepts and operations. 
33 Operating modes, practices, and procedures under normal and emergency conditions. 
6. Safety precautions. 
7. Use of tools and test equipment. 
8. Preventive maintenance. 
9. Troubleshooting, diagnostic, and testing. 
10. Assembly and disassembly. 
11. Repair and parts replacement. 
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3.2 


12. Parts ordering practices and storage. 

13. Failure and recovery procedures. 

14. System/subsystem cabling. 

15. Familiarity with and use of O&M manuals and other reference materials. 


Computer Software Training: Computer software training shall cover the use, management, 
development, and maintenance of system/subsystem software. This training shall include, 
but not be limited to: 


1. Orientation to provide an overview of system/subsystem concepts, configurations, and 
operation. 

2 Basic programming and software architecture. 

3 System executive and utility program. 

4. Application program. 

5. Modification of command line codes. 

6 Interrupt logic. 

7 Intra-and inter-system interfaces. 

8 Processor system operating procedures. 

9. Diagnostics. 

10. Communications software. 

11. File management. 

12. Hands-on training. 

13. Safety precautions. 

14. Familiarization with and use of O&M manuals and other reference materials. 


Operations-Supervisor Training: Supplemental and specialized training shall be provided for 
supervisor-level trainees. This training shall impart the knowledge and skills necessary to 
schedule, supervise, and improve the proficiency of operating and computer software 
personnel. 


Operations - Instructor Training: Supplemental and specialized training shall be provided to 
prepare graduate trainees or nominated instructors successfully to instruct future trainees in 
system/subsystem operations and computer software. 


Maintenance - Supervisor Training: Supplemental and specialized training shall be provided 
for supervisory level trainees. This training shall impart the knowledge and skills necessary 
to schedule, supervise, and improve the proficiency of maintenance personnel. 


Maintenance - Instructor Training: Supplemental and specialized training shall be provided 
to prepare graduate trainees or nominated instructors successfully to instruct future trainees 
in all phases of system/subsystem maintenance. 


Cleanup: Collect used and leftover educational materials and remove them from the 
instruction location. Remove instructional equipment. Restore systems and equipment to the 
condition existing before initial training use. 


DEMONSTRATION AND TRAINING VIDEO RECORDINGS 
General: Engage a qualified commercial videographer to record demonstration and training 
video recordings. Record each training module separately. Include classroom instructions 


and demonstrations, board diagrams, and other visual aids, but not student practice. 


1. At beginning of each training module, record each chart containing the learning 
objective and lesson outline. 
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B. Video Recording Format: Provide high-quality color video recordings with menu navigation 
in a format acceptable to the Engineer. 


C. Recording: Mount the camera on a tripod before starting recording, unless otherwise 
necessary to show the area of demonstration and training. Display continuous running time. 


D. Narration: Describe scenes on video recording by dubbing audio narration off-site after the 
video recording is recorded. Include a description of items being viewed. 


E. Transcript: Provide a transcript of the narration. Display images and running time captured 
from videotape opposite the corresponding narration segment. 


F. Pre-Produced Video Recordings: Provide video recordings used as a component of training 
modules in the same format as recordings of live training. 


END OF SECTION 017900 
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SECTION 023200 - GEOTECHNICAL INVESTIGATIONS 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. “Drawings and general provisions of the Contract, including General and Particular 
Conditions, Procedures, Manuals and Specifications, including without limitation Division 1 
Sections, apply to this Section”. 


1.2 SUMMARY 


A. Section Includes: 


1. 


2: 


The general requirements and information for the execution of geotechnical 
investigations. Nevertheless, it does not substitute referenced standards. 

The local Laws, Standards and Regulations take precedence over the specifications 
herein and any other referenced code. The Contractor shall remain responsible for the 
compliance with all applicable and latest local laws, regulations, building codes, 
standards and guidelines. 

Notwithstanding this specification, the selection of methods and techniques should be 
governed by experience and sound judgment as dictated by the soil type and 
subsurface conditions. Extreme care in the application of geotechnical investigation 
methods is demanded to obtain reliable results. 

The Contractor is responsible for the competency of the methods used, for abiding by 
the Standards, and for the accuracy of the observations, descriptions and reports. 

This specification does not purport to address all of the regulatory and safety 
problems associated with its use or the requirements for performing investigations. It 
is the responsibility of the Contractor to establish appropriate safety and health 
practices and to determine the applicability of regulatory limitations prior to its use. 
The scope of the Contractor is design and build so their scopes and types of the 
geotechnical investigations shall be envisaged by the Contractor to meet the design 
requirements and subject to the approval of the Engineer. 


B. Related Requirements: 


1. 


Section 016000 "Product Requirements". 


C. Codes and Standards: 


1. The Contractor shall comply with provisions of the latest issue of the following 
standards, codes, guides and manuals except where advised otherwise by the 
Engineer: 
a. AASHTO Design and Construction Specifications and Design Guidelines 
b. ASTM Standard Practices & Guides: 
1) D420: Site Characterization for Engineering, Design, and Construction 
Purposes. 
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2) 
3) 
4) 
5) 
6) 
7) 
8) 
9) 
10) 


11) 


12) 


13) 


14) 


15) 
16) 
17) 
18) 
19) 
20) 


21) 


D1452/D1452M: Standard Practice for Soil Exploration and Sampling by 
Auger Borings. 

D1586/D1586M: Standard Test Method for Standard Penetration Test 
(SPT) and Split-Barrel Sampling of Soils. 

D1587/D1587M: Standard Practice for Thin-Walled Tube Sampling of 
Fine-Grained Soils for Geotechnical Purposes. 

D2113: Standard Practice for Rock Core Drilling and Sampling of Rock 
for Site Exploration. 

D2488: Standard Practice for Description and Identification of Soils 
(Visual-Manual Procedures). 

D3550/D3550M: Standard Practice for Thick Wall, Ring-Lined, Split 
Barrel, Drive Sampling of Soils. 

D4220/D4220M: Standard Practices for Preserving and Transporting Soil 
Samples. 

D2113 Standard Practice for Rock Core Drilling and Sampling of Rock for 
Site Exploration. 

D5434: Standard Guide for Field Logging of Subsurface Explorations of 
Soil and Rock. 

D5782: Standard Guide for Use of Direct Air-Rotary Drilling for 
Geoenvironmental Exploration and the Installation of Subsurface Water- 
Quality Monitoring Devices. 

D5783: Standard Guide for Use of Direct Rotary Drilling with Water- 
Based Drilling Fluid for Geoenvironmental Exploration and the 
Installation of Subsurface Water-Quality Monitoring Devices. 
D5875/D5875M: Standard Guide for Use of Cable-Tool Drilling and 
Sampling Methods for Geoenvironmental Exploration and Installation of 
Subsurface Water Quality Monitoring Devices. 

D5876/D5876M: Standard Guide for Use of Direct Rotary Wireline 
Casing Advancement Drilling Methods for Geoenvironmental Exploration 
and Installation of Subsurface Water-Quality Monitoring Devices. 
D6151/D6151M: Standard Practice for Using Hollow-Stem Augers for 
Geotechnical Exploration and Soil Sampling. 

D6169/D6169M: Standard Guide for Selection of Soil and Rock Sampling 
Devices Used With Drill Rigs for Environmental Investigations. 

D6282: Standard Guide for Direct Push Soil Sampling for Environmental 
Site Characterizations. 

D6286: Standard Guide for Selection of Drilling and Direct Push Methods 
for Geotechnical and Environmental Subsurface Site Characterization. 
D6519: Standard Practice for Sampling of Soil Using the Hydraulically 
Operated Stationary Piston Sampler. 

D6640: Standard Practice for Collection and Handling of Soils Obtained in 
Core Barrel Samplers for Environmental Investigations. 

D6907: Standard Practice for Sampling Soils and Contaminated Media 
with Hand- Operated Bucket Augers. 


Cc. BS EN 1997 Part 2- Geotechnical Design Part 2 Ground Investigation and 


Testing. 
d. BS 5930 Code of Practice for Site Investigations. 
e. EM 1110-1-1804: Geotechnical Investigations-USACE Engineer Manual 
f. Earth Manual. 
g. ISRM publications. 
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2: If an applicable reference document is not listed under the above section, the 
Contractor shall inform the Engineer on the standards or methods he intends to use 
and obtain approval. 

3. If two or more standards are specified and establish different or conflicting provisions 
for quantitative or qualitative requirements, the Contractor shall comply with the 
most stringent requirement and refer uncertainties or requirements that are different, 
but apparently equal, for a decision by the Engineer before proceeding. 


1.3 ACTION SUBMITTALS 
A. Program of Work: 


1. The Contractor shall prepare a program of works for the investigation that shows the 
proposed time schedule for all aspects of the investigation and subsequent submittals. 


B. Method Statement: 


1. The Contractor shall give an outline of the envisaged work in a ‘method statement’. 
This method statement shall be submitted for approval by the Engineer prior to any 
start of work. 

2. The method statement shall cover all relevant aspects of the works and includes, but 
is not limited to, details of all plant and equipment, personnel, HSE, reporting, etc. 


Ç; Daily Reports: 


1. The Contractor shall produce a daily written record/report of his operations. 
Information shall be recorded as work proceeds. A copy of the Contractor’s daily 
record shall be forwarded to the Engineer within 24 hours of the work to which it 
refers having been undertaken. 

2. Daily report information shall be submitted in electronic form, either in Microsoft 
Excel, Word, Portable Document Format (.pdf), or other equivalent digital formats 
approved by the Engineer. Photographs shall be supplied in jpeg or similar file 


formats. 
3. Information for inclusion in the Sub-Contractor’s daily report shall be as follows: 
a. Contract title and site location 
b. Day and date 
c. Weather Conditions 
d. Photographs of the site, and a plan showing the location and orientation of 


photos 

Details of the personnel, plant, equipment and materials on site. 

Summary of operations executed with times and durations. 

Type and depth of any utilities/ obstructions encountered 

Type of drilling fluid. 

Water level readings in previously installed standpipes or standpipe 
piezometers 

The types of samples, method of sampling, retrieval depth, and length of 
undisturbed or core sub samples recovered 

Excavation details of trial pits, method of support and comments on stability 
The depths and details of all in-situ tests 

Details of backfilling 

Presence of problematic soils/ cavities 

Progress against Program of Work. 


=o mepo 
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D. Logs: 


1. All pertinent borehole, test pit and sampling data must be recorded in a log. Clear and 
accurate data are required to describe the soil profile and sample locations. 
Information and observations which may aid in estimating the condition of the 
samples and the physical properties of the in-situ soil should be recorded. 

2: The Contractor shall prepare for each borehole or test pit an initial log (including in- 
situ test results) which shall be submitted to the Engineer within 24 hours of the 
completion of the borehole/test pit. 


3. The following information shall be included on the initial logs of each borehole: 
a. Borehole/Test pit number or designation, coordinates and top elevation. 
b. Driller's name and Geologist's name. 
c. Make, size, and manufacturer's model designation of drilling and sampling 
equipment. 
d. Type of drilling, sampling, and testing operation by depth. 
e. Hole diameter/ In-plan dimensions of the pit 
f. Time required for drilling each run. 
g. Drill action, rotation speed, hydraulic pressure, water pressure, tool drops, and 


any other unusual and non-ordinary experience which could indicate the 
subsurface conditions encountered. 


h. Depths at which samples or cores were recovered. 
i. Classification or description by depths of the materials retrieved. 
j. Classification and description by depths of rock materials including rock type, 


composition, texture, presence and orientation of bedding, foliation, or 
fractures, presence of vugs or other interstices, the Total Core Recovery 
(TCR), Solid Core Recovery (SCR), Rock Quality Designation (RQD), 
Fracture Index for each cored interval. 

Indication of penetration resistance in terms of blow count. 

Force Weight of drive hammer. 

Percentage of sample or core recovered per run. 

Depth at which groundwater is encountered initially and when stabilized. 
Depths at which drill water is lost and regained and amounts. 

Depths at which the color of the drill water return changes. 

Type and weight of drill fluid. 

Depth of bottom of hole. 


mrotvposp gor 


4. After completion of all soil tests and visual examination of all samples in the 
laboratory prepare final logs including grid or topographical reference and details 
similar to those in initial logs but corrected in the light of all information finally 
available and in the light of description by a qualified soil Engineer or engineering 
Geologist. 


E, Schedule of Laboratory Testing: 
1. Schedule and type of laboratory testing are to be submitted to the Engineer for 
approval for each borehole within 48 hours, after completion of the borehole. 
2. Schedule of laboratory testing is to be oriented towards obtaining data pertinent to the 
work and based on type and conditions of retrieved samples. 


F. Preliminary Test Results: 


1. Laboratory test results shall be submitted to the Engineer in batches at the completion 
of each week's testing. 
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2. Draft insitu test results shall be submitted to the Engineer in each daily report. 


G. Final Report: 


1. The final report shall comprise of a factual or interpretative report as required by the 
Engineer. 

2. The factual report shall contain, as a minimum, the following information: 
a. A statement on the purpose and reasons for the investigation. 
b. A description of the work carried out, including reference to specification and 


standards adopted and any deviations from them. 

Exploratory hole logs. 

In-situ test records. 

Laboratory test results. 

Plots of all laboratory and in situ test results against depth 

Plan with locations of exploratory holes. 

Plan showing surface deposits / rock outcrops, fill, geologic features 
(Engineering Geological map); 

Geological cross-sections 

Independently bound appendix of color photographs of all rock cores, test pits 
and trenches and any other features relevant to the text and observations 


moe ho ao 
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3. The interpretative report shall contain the following information: 


a. A written appraisal of the ground and water conditions. 
Analysis and recommendations as designated. 

c. When so designated, the Contractor shall supply the calculations and analyses 
on which recommendations are based. 


4. The report and its contents shall be submitted in electronic form: 


a. The Report shall be provided in Microsoft Word and in Portable Document 
Format (.pdf) 

b. Laboratory test sheets and summary of test results shall be submitted in 

Microsoft Excel. 

In situ test sheets shall be submitted in Microsoft Excel. 

: Photographs shall be supplied in .jpeg or similar file formats. 

e. Layout Drawings and Geologic Sections shall be provided in AutoCAD. 


a0 


5: Approval of Report: 


a. Two (2) copies of the draft report shall be submitted to the Engineer for 
approval at least six (6) days before the end of the Contract Period. The 
Engineer shall inform the Contractor of any corrections or amendments within 
three (3) days of receipt of the draft. 

b. Four (4) bound copies and one (1) unbound copy of the accepted report in 
English, shall be produced in A4 size. 


H. Digital Data: 
1. Data Format: 


a. The format of the digital data files shall be as set out in the latest version of the 
AGS publication Electronic Transfer of Geotechnical and Geo-environmental 
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Data or as published on the AGS website 
(http://www.ags.org.uk/site/home/index.cfm), whichever is more recent. 

b. Digital data shall be provided in American Standard Code for Information 
Exchange ‘ASCII’ format. Data shall be supplied on a data storage media as 
agreed with the Engineer and shall be compatible with Microsoft operating 
systems. The files shall not be compressed. 


2: Checking of Data: 


a. The Contractor shall check that digital data to be submitted conforms to all 
AGS formatting and other requirements, before issue. The data shall be run 
through a format checking program compatible with the version of AGS data 
being used, before being issued. Any discrepancies in formatting or other data 
issues resulting in the Engineer having difficulties in processing the supplied 
data are unacceptable and the Contractor shall remain wholly responsible for 
the timely correction of any anomalies to the total satisfaction of the Engineer. 
Any and all such corrections shall be entirely at the Contractor’s expense. 


3. Data Transfer: 


a. All issues of digital data from the Contractor to the Engineer shall be 
accompanied by a unique transmittal sheet and index detailing the precise 
nature of the data issued. 

b. Data disks in each issue, together with any protective casing, shall be securely 
labelled and clearly marked with the following information: 


1) The project identification (PROJ-ID). 

2) The name of the -Contractor. 

3) The title ‘AGS Format ASCII Data’. 

4) The AGS Edition number. 

5) A unique alpha-numeric dataset identifier. 
6) The name of the Project Manager; and 

7) The date of issue to the Project Manager. 


c. The necessity of splitting the digital data into separate files shall be determined 
by the Contractor. Unique alpha-numeric data referenced identifiers shall be 
adopted for each portion of data and these shall run sequentially from the start 
of the Project. The Contractor shall maintain an index detailing for each issue 
of data: 


1) The project identification (PROJ-ID). 

2) The name of the Contractor. 

3) The title ‘Media Index Record’. 

4) The title ‘AGS Format ASCII Data’. 

5) The AGS Edition number. 

6) A unique alpha-numeric dataset identifier. 

7) The name of the Project Manager’s Representative to whom the data 
was given; 

8) The data of issue to the Engineer; and 

9) A general description of the data transferred and/or a file listing for 
associated files. 

10) In addition, the index shall detail for each data set, including all 
associated files: 

11) The file name, including the extension. 
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12) The date and time the file was created. 

13) The file size in bytes; and, 

14) A general description of the data contained in each file and/or a file 
listing for associated files. 


d. Data files shall be checked for computer viruses before issue using a 
proprietary antivirus program. An identical copy of each set of data issued to 
the Engineer and of the transmittal sheet and index for each issue shall be 
retained by the Contractor until the end of the maintenance period. 


4. Preliminary Data: 


a. Where required in the Specification or when requested by the Engineer, the 
Contractor shall issue preliminary digital data to correspond with the 
preliminary paper records. In addition to the labelling required above, 
preliminary disks shall be labelled “PRELIM”. All preliminary digital data 
shall be presented in the same format as the final digital data to be provided 
with the approved final Report and must be produced form the same 
source/program as that which will be used to produce the final Report. 

b. Preliminary digital data shall be updated as necessary (as for paper records) in 
the light of laboratory test results and the further examination of samples and 
cores. 


5. Digital Data Issued with the Final Report: 


a. Digital data as specified shall be presented with the draft and final Reports. 
The Report shall clearly indicate where data are included as a paper record but 
are not included in digital format. 

b. The disk(s) or other agreed transmission media shall be contained within the 
covers of the Report in such a manner that they are secure within the 
documents but permit ready access. 

c. The digital data provided with the draft Report shall be complete and a total 
replacement of any previous issue of digital data. The digital data provided 
with the approved final Report shall be labelled ‘FINAL’. 


6. Units of Measurement for AGS Data Transfer: 


a. The units of measurement shall be those given in the AGS publication 
Electronic Transfer of Geotechnical and Geo-environmental Data or as 
published on the AGS website, whichever is the more recent, unless other units 
of measurement for digital data are required by the Contract. The units of 
measurement must be given in the AGS Format files and must be the same as 
those used in the paper version of the report. 


1.4 QUALITY ASSURANCE 


A. "Product, Material and Equipment shall demonstrate compliance with requirements 
specified in Section 016000 "Product Requirements". 


B. The work shall be carried out in accordance with the relevant Codes and Standards listed 
above. 
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C: WORK shall be carried out in accordance with a quality management system similar to ISO 
9001 and approved by Engineer prior to commencement of the works. Records to indicate 
compliance with quality management shall be made available to Engineer on request. 


D. The Contractor shall provide full time professional attendance on site. The professional 
attendant shall be approved by the Engineer, and shall be responsible for the technical 
direction of all fieldwork. The Contractor shall provide curriculum vitae for his technical 
staff in his method statement. 


E. The Contractor’s personnel employed on the Project shall be competent to undertake the 
work required. All members of the crew shall be familiar with the exploration methods 
specified: 


1. The Contractor shall provide the full-time services of a competent 
Engineer/Supervisor who is fluent in English, has a minimum of 10 years’ experience 
in comparable ground investigation work and who has the authority of the Contractor 
to make decisions on site. The duties of the Supervisor shall include, but shall not be 
limited to: 


a. Attendance at site meetings prior to and during the course of works when so 
required by the Engineer. 

Liaison with the Engineer during the progress of works. 

Cc. Selecting and arranging for the correct equipment/personnel to be on site for 
the effective completion of the works and ensuring that progress of the 
investigation is maintained to the satisfaction of the Engineer. 

Preparing and submitting a Program of Work when required by the Engineer. 

e. Being responsible for the day to day operation of all plant and equipment. 


2. The Contractor shall provide full time control of the investigations by a Geotechnical 
Engineer/ Engineering Geologist with at least 10 years relevant experience. The 
duties of the Geotechnical Engineer shall include, but shall not be limited to: 


Logging of soil and rock samples in accordance with Standards. 

Supervision including verification of recorded depth. 

Requesting additional sampling or testing if necessary to obtain complete data. 
Preparation of preliminary boring logs, preliminary descriptions of subsurface 
conditions, and lists of all samples carried to the laboratory and results of in 
situ tests. 


angop 


3. The Contractor shall provide sufficient additional field personnel/technicians as well 
as clerical and administrative staff to assist him in the testing requirements and the 
production of preliminary records/ reports within the times specified in the contract. 
Field personnel/technicians shall have at least 2 years’ relevant work experience 
including the preparation of records in English. 


F. All professional and technical staff involved in the project shall be to the Engineer’s 
consent. The Engineer reserves the right to withdraw consent at any stage during the 
Contract Period. If such consent shall be withdrawn by the Engineer, the Contractor shall as 
soon as practicable, but not later than 5 working days after receiving written notice of such 
withdrawal, remove such personnel from the project and shall not thereafter employ them 
again on the project in any capacity. At the same time the Contractor shall replace any 
removed personnel by others agreed by the Engineer. 
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G. The Supervisor and Geotechnical Engineer must be able to receive at all times urgent 
instructions from the Engineer. The Contractor shall provide sufficient means to allow such 
urgent communication to be possible. 


1.5 FIELD/PROJECTCONDITIONS 


A. — System of Units: 


1. All dimensional data and results presented shall be expressed in SI (metric) units. 
B. Permits and Authorizations: 
1. The Contractor shall be responsible for liaising and obtaining all the necessary 


permits, approvals, No Objection Certificates (NOCs) from all the relevant Statutory 
Authorities having jurisdiction over the project. 


C. Mobilization: 
1. The Contractor shall mobilize all personnel, equipment and materials, supplies, 


consumables, services, and temporary facilities of whatsoever nature and without 
limitation, necessary for the safe and proper performance of the work and its timely 


completion. 
D. Demobilization: 
1. The Contractor shall demobilize all resources of whatsoever nature brought to the site 


including, but not limited to, personnel, equipment and materials and temporary 
facilities upon completion works and reinstate site to previous conditions or to a state 
approved by the Engineer. 

2: The Contractor shall not demobilize any of the said resources without prior approval 
of the Engineer. Such approval shall be granted provided the applicable works have 
been completed. 


E. Temporary Facilities: 
1. The Contractor shall provide and maintain all temporary facilities necessary for the 


safe, proper and timely performance of the work. 
2. Facilities shall be provided for the use of the Engineer. 


3. The Contractor shall ensure that all temporary facilities are supplied and maintained 
in good condition and managed all in conformity with the applicable laws and 
regulations. 

F. Access Routes: 
1. The Contractor is responsible for checking the accessibility of the site and load 


bearing capacity of the access roads and subsoil for the use of his proposed vehicles 
and equipment. 

2; The Contractor shall liaise with all relevant authorities as to permits, authorizations, 
timing, notifications and any necessary signs, diversions etc. required in the conduct 
of the investigation. 
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G. Traffic Diversion: 


1. If deemed necessary, the Contractor shall liaise with relevant Authorities for a 
diversion of traffic needed for execution of works. Traffic safety and management 
measures shall be provided. 


H. Inspection of Utilities: 


1. The Contractor shall make his own enquiries as to the presence and location of any 
buried services, pipelines and cables, etc. Where the presence of underground 
services is suspected near an exploratory hole the Contractor shall ascertain that by 
carefully excavating an inspection pit. 

2: In case of damage to existing utilities, it will be the responsibility of the Contractor to 
contact service providers and agree on the mitigation measures. The associated costs 
are to be borne by the Contractor. 


I. Surveying and Setting-out: 


1. The Contractor shall be responsible for setting out the locations of the exploratory 
holes and ensuring that they are positioned according to the Drawings and Schedules 
unless alternative positions have been agreed with Engineer. 

2. The Engineer, upon examination of borehole logs, may request changes in number, 
location and depth of boreholes. The Contractor will not be entitled to modify his 
unit prices as a result of such changes. 


J. Working Hours: 


1. Working hours shall be restricted to those specified (if any) by Engineer and/or the 
relevant Authorities. 

2. The Contractor shall be responsible for consulting with the relevant Authorities and 
third parties to determine working hours which he may employ at the site and to 
obtain necessary permits required for the execution of the works. The Contractor shall 
make full allowance in his Program of Works for any time restrictions required by 
Authorities or third parties. Any time restrictions shall be reflected in the Contractor’s 
method statement and Program of Works. 


K. Working Areas: 


1. Operations shall be confined to the minimum area of ground required for the Works. 
The Contractor shall carry out the works with the least possible damage to the site 
and surrounding environment. 

3. After completion of works, the Contractor shall remove all plant and equipment and 
shall remove all rubbish, debris and surplus material from the site. The Contractor 
shall be liable for any damage caused by his activities during the ground investigation 
and shall make good any damage at his own expense to the satisfaction of Engineer: 


a. All barriers breached or otherwise disturbed during the execution of site 
operations shall be immediately repaired or replaced to the same standard. 
b. Turf and topsoil shall be stripped from the site of each exploration and 


stockpiled for future replacement. Vegetation and topsoil adjacent to the 
exploration which may be damaged by the operations shall either be removed 
and stockpiled as above, or otherwise protected from damage. After 
completion of the exploration all topsoil shall be replaced and the Site restored 
to its original condition. 
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c. Disturbed subgrades shall be properly compacted and paved surfaces restored 
to original conditions/ to quality and thicknesses dictated by local regulations. 


In executing the project works, the Contractor shall make adequate arrangements for 
the disposal of all refuse and take any necessary precautions to prevent pollution, 
contamination of the water supply and injury to fish, bird and plant, or other life. 

No spillages of dangerous, deleterious or contaminated material shall be allowed on 
the site whatsoever. 


L. Health and Safety: 


1. 


The Contractor has full responsibility for the management of Health & Safety of the 
work and shall provide all necessary personal protective equipment (PPE) for his 
employees and undertake all necessary measures to ensure that a safe and healthy 
workplace and working environment are established and maintained at all times. The 
Contractor shall ensure that all his employees are fully conversant with established 
regulations and the Health & Safety requirements. 

The Contractor shall provide his staff with PPE comprising but not necessarily 
limited to, hard hats, eye protection, hand protection, overalls and industrial boots, 
plus safety facilities comprising a mobile telephone, safety/warning signs, a clean 
water supply and a changing room and washing facilities. Emergency equipment shall 
also comprise as a minimum, a first aid kit and a fire extinguisher. 

The Contractor shall submit to Engineer for approval a Health & Safety Plan at least 
two weeks prior to commencement of the site works for review by Engineer. The 
Contractor’s Health & Safety Plan shall include procedures to be adopted in the event 
of a medical emergency. Such submission shall in no way relieve the Contractor of 
any of his Health & Safety responsibilities for the work, personnel, public, etc. 

The Contractor shall allow the Engineer’s Safety Officer free and complete access to 
the site at all times. 

The Contractor shall ensure that at least one member of his staff at each Investigation 
location is fully qualified in First Aid. 


M. Hazardous and Contaminated Ground: 


1. 


If evidence of hazardous or contaminated ground is encountered the Contractor shall 
cease work and inform Engineer immediately and agree on a revised method of 
working appropriate to the nature and level of contamination encountered. 


N. Environmental Best Practice: 


The Contractor shall plan and order all his activities to ensure that the environmental 
principles of stewardship and sustainability are achieved. Relevant local 
environmental protection regulations shall be followed. 

The Contractor shall take all necessary precautions to prevent any pollution or 
contamination of the site or of adjacent ecosystems. No spillages or escape of 
dangerous, deleterious or contaminative waste or fluids shall be allowed to occur on 
the site whatsoever. 

In addition to the above general requirements, particular areas for action are: 


a. The avoidance of pollution of groundwater. 
b. The preservation of all terrestrial and marine flora and fauna. 
È; The avoidance of nuisance due to sound, vibrations, mud, dust and fumes. 
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O. 


4. The Contractor shall demonstrate in his written Method Statement(s) his proposals to 
minimize environmental impact and satisfy the above requirements. 
5. The following issues as a minimum shall be addressed in the Method Statement: 
a. Plant which leaks any fuel, lubricant or hydraulic or other fluids shall not be 
used. 
b. Bio-degradable hydraulic fluid only shall be used. 
c. Plant shall be maintained to ensure efficiency and to minimize emissions. 
d. Plant shall be steam-cleaned prior to delivery to the site. 
e. Fuel and oil shall be stored and maintained in a secure and clean manner. 
f. Refueling or servicing of plant shall be carried out in designated locations 


away from water bodies or the sea. Refueling shall be supervised and shall be 
carried out by pumping through a trigger-type delivery nozzle. 

g. An adequate supply of oil absorbent materials shall be readily available on site 
at all times. 


Any spillages shall be immediately contained, removed from site and disposed of at a 
licensed facility, the Engineer being promptly informed. 


PART 2 - PRODUCTS 


2.1 


2.2 


A. 


B. 


C. 


A. 


B. 


GENERAL 


Details of all plant and equipment to be used on the project shall be notified to the Engineer 
before use on site. 


The Contractor shall be equipped with all necessary equipment and tools to carry out the 
described scope of work, taking into account that samples have to be taken in the required 
quality for later laboratory testing. 


The Contractor shall properly maintain all equipment to be used to perform the work in 
good condition and shall carry a sufficient stock of spares in the event of equipment 
breakdown. 


DRILLING AND SAMPLING TOOLS 


Drilling Equipment: Any drilling equipment that provides at the time of sampling a suitable 
borehole before insertion of the sampler and ensures that insitu tests are performed on intact 
soil shall be acceptable. 


Refer to the referenced standards for relevant tool specifications: 


1 Refer to ASTM D5875/D5875M for specifications of cable-tool drilling. 

2. Refer to ASTM D1452/D1452M for specifications of solid-stem augers. 

3. Refer to ASTM D6151/D6151M for specifications of hollow-stem augers: 

4 Refer to ASTM D1586/D1586M and ASTM D3550/D3550M for specifications of 
drive thick wall sampling. 

5 Refer to ASTM D1587/D1587M for specifications of push thin wall sampling. 

6. Refer to ASTM D5782, ASTM D5783, and ASTM D5876/D5876M for 
specifications of rotary drilling equipment. 

Ts Refer to ASTM D6169/D6169M for specifications of soil core sampling. 


GEOTECHNICAL INVESTIGATIONS 023200 - Page 12 of 33 
P21161/4309-04-TD-SPC-15A-GE-01 REV 0 


RFP — Karachi Mobility Project (Yellow BRT) — PK-SMTA-334960-CW-RFP 
Procurement of Package - 4: NEW JAM SADIQ BRIDGE (Yellow Corridor Segment 3) 
Volume (2): Part (B) Specifications (2 of 2) - 023200 - Geotechnical Investigations 


2.3 


2.4 


C. 


A. 


A. 


8. Refer to ASTM D2113 for specifications of rock coring. 

Drilling Fluid: 

1. Comply with environmental regulations on specifications of drilling fluid. 
2. Submit data sheets and mix design for the Engineer for approval. 


MATERIAL FOR PRESERVING SOIL SAMPLES 


Furnish Sealing Wax, Wood Disks, Plastic Bags, Plastic Buckets, Tape, Cheesecloth, Caps, 
Expandable Packers, Jars, Bags, Packing Material, Insulation, Sample Cube Boxes, 
Cylindrical Sample Containers, Shipping Containers, Identification Material following 
requirements of ASTM D4220/D4220M. 


ROCK CORE BOXES 


Furnish core boxes following the requirements of ASTM D2113. 


PART 3 - EXECUTION 


3.1 


A. 


B. 


BOREHOLES 


Layout, Depth and Diameter: 


1. 


Borehole drilling shall be to the locations shown on the Drawing. 

If location changes are deemed necessary, whether for regulatory purposes or based 
on site constraints, the new locations should be approved by the Engineer. Fix 
positions using proper surveying equipment and record the co-ordinates and levels for 
logging and reporting. 

Drill boreholes to the depths shown on Drawings. If rock is encountered, continuous 
coring shall be carried for a minimum of 5.0 m into good quality rock or to the depths 
shown on Drawings whichever is achieved first or as directed by the Engineer. Good 
quality rock is defined as rock with rock quality designation (RQD) value more than 
75% for a core run of 1.0 m and a core recovery of not less than 90%. 

Borehole diameters should follow the diameter of samples intended to be retrieved 
based on different testing requirements. If casing is not used, a borehole 6 to 19 mm 
greater in diameter than the outside diameter of the sampler should be sufficient. In 
soils containing irregular hard and soft pockets that cause deviation of the drill bit or 
in soils that tend to squeeze, a slightly larger clearance, i.e., 12 to 19 mm, may be 
required. When casing is used, the hole should be drilled 6 to 25 mm larger than the 
OD of the casing. 

In general, boring in soils associated with undisturbed sampling should be to a 
minimum diameter of 150 mm. Boring associated with SPT testing only could be 
less, but not less than 75 mm in diameter. Coring in rock should correspond to “N” 
sized borings to obtain rock cores of minimum diameter of 76 mm. 


Boring Methods: 


1. 


Auger Borings (ASTM D1452/D1452M, ASTM D6151/D6151M): 
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a. Use Augers for borings above the groundwater table only. Use in soils 
containing sufficient fines and cohesion to prevent the hole from caving. 
b. Consider wherever restrictions on the use of drilling fluid are in-place, such as: 


to drill in water sensitive formations, to eliminate the potential for hydraulic 
fracturing in embankment dams and to decrease the environmental impact of 
investigations. 

c. Always use with other sampling techniques. Do not rely on disturbed samples 
from cuttings to establish information on subsoil stratification as cuttings from 
different strata could mix up. 

d. At a depth of about three- to four-hole diameters above the top of the intended 
sample, additional care should be taken to prevent disturbance by decreasing 
the rate of hole advance. 

e. Use Hollow-stem augers for continuous sampling. Use double tube HSA 
sampling system with wireline latching system for sampling intact/ undisturbed 
specimens. 


2. Push and Drive Boring (ASTM D1586/D1586M, ASTM D1587/D1587M, ASTM 
D3550/D3550M): 


a. Use push or drive boring as a non-rotary advancement and sampling method 
for disturbed or intact/undisturbed sampling. Assess sample disturbance based 
on the sampler used and the sampling procedure. 

b. Use to supply data on penetration resistance of soil. 


3: Cable Tool Drilling (ASTM D5875/D5875M): 


a. Use Cable tool drilling/Percussion drilling only as primary advancement 
method to install the primary casing subject to the Engineer’s approval. 


4. Rotary Drilling/Soil Coring (ASTM D5782, ASTM D5783, ASTM D5876/D5876M, 
ASTM D6169/D6169M): 


a. Bottom discharge rotary bits are not acceptable for advancing the borehole. 
Side discharge bits may be used with caution. Jetting through an open-tube 
sampler to clean out the borehole to sampling depth is not permitted 


b. Use air-rotary drilling in friable sandstones, marls and collapsible soils and 
other water sensitive formations. 
c. Recover continuous cores of all cemented material, exercise great care to 


obtain good recovery of weakly cemented material. Core barrel is to be fitted 
with a coring bit most suited to formations being drilled and which yields best 
recovery. 

d. Use double core barrels and wireline latching mechanism instead of drill rod 
retrieval and sampling. 


5. Rock Coring (ASTM D2113): 


a. Use “N” size cores as a minimum to obtain rock cores of at least 76 mm in 
diameter. Use larger diameter cores for delicate, weakly lithified or weak rock 
formations. 

b. Single tube core barrels are not permitted unless authorized by the Engineer. 


Use instead swivel type- double tube core barrels. 
c. Use triple tube core barrel for highly fractured and poor-quality rock. 
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oF Borehole Stabilization: 


1. Support the borehole with casing as necessary to prevent collapse of sides. 

2: Use drilling mud to build a filter cake that effectively controls caving only when this 
will not interfere with sampling of soil, groundwater monitoring or in situ testing. 

3. Maintain excess hydrostatic pressure in the borehole to avoid caving. 

4. Withdraw sampler slowly from the borehole to avoid creating negative hydrostatic 


pressure below the sampler. Raise and lower the drill string slowly to minimize 
hydrostatic pressure changes. 

5. Operate pump pressures as low as possible to minimize surge pressures. Drill 
formations no faster than solids are removed from the drill bit. 


D. Drilling Fluid: 


1. Compressed Air: 


a. Use in water sensitive formations, such as collapsible soils, to maintain the 
natural moisture content of the samples 

b. Avoid excessive air pressure (exceeding 350 KPa) in order not to damage the 
formations. 

c. Avoid excessive annular velocity (exceeding 45 m/s) in order not to erode the 
borehole sides. 

d. Use high volume air compressor to efficiently remove cuttings. 

e. Use with caution in areas prone to hydraulic fracturing. 

2. Air-entrained Foam: 

a. Add foaming agents to compressed air in formations with high moisture 
content. 

b. Submit product data sheets and manufacturer recommendations for approval 


prior to use. 
3. Clean Water: 


a. Do not use in water sensitive formations. 
b. Use in borings associated with environmental testing, permeability testing, 
groundwater monitoring and seepage analysis. 


4. Bentonite Mud: 
a. Comply with standard grades of American Petroleum Institute (API) 
Specification 13A (American Petroleum Institute 1983). 
b. Wherever environmental regulations restrict the use of additives found in 
standard grade bentonite, use pure sodium bentonite or revert to polymer mud. 


5. Polymer Mud: 


a. Assess the gel strength required to have a satisfactory filter cake. Mix with 
bentonite in case environmental regulations permit this. 


E. Boring Through Obstructions: 


1. If an obstruction is encountered which prevents further progress in boring, attempt to 
break through the obstruction by chiseling. If size or composition of obstruction is 
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such that little or no progress is made by chiseling, inform the Engineer and if 
instructed use rotary coring methods to drill through and obtain cores of the 
obstruction not less than 100 mm diameter. 

2; If boring shows that the obstruction is bedrock, continue rotary core drilling to depth 
and diameter required by the Engineer to prove continuity and engineering 
characteristics of formation. 

3. If boring shows that the obstruction is a boulder, ledge of rock or any other object 
underlain by soil, then request direction from the Engineer on whether: 


a. To make the necessary arrangements to continue boring, in situ sampling and 
testing below the obstruction until reaching the required depth. 
b. Or to abandon the borehole and drill another. 


F. Soil Sampling-Generally: 


1. Samples should be representative of a soil formation. Samples from mixtures of 
different soil layers are nonrepresentative and should not be used for visual 
identification, logging or testing. 

2: Consider the following factors affecting sample disturbance prior to selection of 
sampling method and sampler types: 


a. Sampler characteristics: Area ratio, inside clearance ratio, outside clearance 
ratio, length-to-diameter ratio 
b. Advancement method and sampler recovery 


Ç: Borehole stabilization and type of drilling fluid. 


3. Consider the sample size and dry weight needed for testing prior to selection of 
sampler size: 


Table 1: Minimum sample size and dry weight for testing 


Minimum 
Sample Minimum Dr 
Samen ype a TE e Weight? Ke) 
(cm) 
Unit weight 7.6 
Permeability 7.6 
i Consolidation 12.7 
Pndisun bed Triaxial compression 12.7 
Unconfined compression 7.6 
Direct shear 12.7 
Water content 0.2 
Atterberg limits 0.2 
Disturbed Shrinkage limits 0.2 
Specific gravity 0.1 
Grain size analysis 0.2 
Standard compaction 13.5 
Permeability 0.9 
10.2-cm-diam consolidation 0.9 
: Direct shear 0.9 
Reps E cnn diama UMA A 0.9 
7.2 cm-diam triaxial (4 points) 4.5 
15, 30, or 38 cm-diam triaxial (4 points) | Coordinate with laboratory 
Vibrated density Coordinate with laboratory 
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Minimum 

Sample Minimum Dry 
Sle IPCs | Test Diameter! | Weight? (Kg) 

(cm) 


' All particles pass the U.S. Standard Sieve No 4 (3.8 mm). 

? Triaxial test specimens are prepared by cutting a short section of a 12.7 cm diam sample 
axially into for quadrants and trimming each quadrant to the proper size. The material from 
three quadrants can be used three tests representing the same depth. The material from the 
fourth quadrant is usually preserved for a check test. 


G. | Sampling Methods-Undisturbed Sampling: 


1. 


Apply strictly controlled conditions in order to minimize the structural disturbance of 
the samples. Use the appropriate samplers based on site conditions. The 200 mm of 
soil immediately above the level of soil to be sampled should be removed without the 
casing being lowered. Carefully clean boreholes before sampling. Oil the sampling 
tool inside and out. Carefully clean the borehole. 

Consider thin-wall open tube samplers (ASTM D1587/D1587M) for intact sampling 
of soft deposits with fines greater than 12%. Force the tool into the soil by pushing or 
jacking. Hammer driving is not allowed unless authorized by the Engineer. Check the 
pushed distance carefully to avoid compressing the sample. 

Consider thin-wall Piston samplers (ASTM D6169/D6169M) to retain samples not 
retained by open samplers and reduce contamination. Use with care to avoid 
malfunctioning of the sampling mechanism. 

Consider rotating soil core samplers such as Denison and Pitcher Samplers (ASTM 
D6169/D6169M) or double tube HSA sampling system (ASTM D6151/D6151M, 
ASTM D6169/D6169M) for very stiff or cemented deposits. 


H. Sampling Methods-Disturbed Sampling: 


1. 


2. 
3. 


Recover undisturbed samples from thick wall samplers (ASTM D1586/D1586M, 
ASTM D3550/D3550M). 

Drive the samples into the soils and record the penetration resistance as per standards. 
Do not recover disturbed samples from boring tools and cuttings unless authorized by 
the Engineer. 


I. Sampling Frequency: 


1. Obtain intact samples in all cohesive soils or mixed soil having sufficient cohesion at 
depth intervals of 1m. 

2. Perform standard penetration test as specified to recover a disturbed sample of soil at 
intervals of not more than | m in the top 5 m and at intervals of 1.5 m or at the change 
of each strata thereafter, unless otherwise instructed by the Engineer. 

3. Obtain samples at such spacing to ensure that samples from borehole either in the 
form of undisturbed samples, standard penetration test samples or disturbed samples 
are obtained for every 1 m depth bored. 

4. Obtain samples of each strata encountered. 

J. Rock Sampling and Preservation of Cores: 

1. Coring runs are to be limited to not more than 2 m. However, if core recovery is less 
than 80% the run is to be reduced until an acceptable recovery for subsurface 
conditions is obtained, as approved by the Engineer. 
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7. 


Remove core from core barrel by methods designed to cause least possible further 
disturbance. 

Where split inner core barrels are not in use extract core by steadily applied pressure. 
Extraction by means of hammering the barrel or explosive extrusion under high air 
pressure or water pressures will not be permitted. After extrusion place core in a 
purpose made core box. 

First seal with aluminum foil and subsequently cover with wax, sections of core 
which are weak and friable, formed of rocks or soils which are likely to dry out or 
otherwise alter in nature with time, before placing in core box. 

Place cores in core boxes that adequately preserve cores. 

All core boxes shall be photographed as soon as possible after extraction. 
Photographs shall clearly show weak rock cores and those subject to disintegration on 
recovery and shall be free from distortion and shall include a scale and color chart. 
All boxes shall be clearly labelled and show the depth to the top and bottom of each 
core run. 

Refer to ASTM D2113 for guidance. 


K. Exploratory Excavations and Sampling: 


1. 


Excavate exploration pits to a plan area of not less than 1.5 square meters to the 
depths shown on the drawings. Excavation could be terminated before reaching the 
intended depth if groundwater or bedrock are encountered as directed by the 
Engineer. 

Use of machines is permitted. Manual excavation shall be used prior to undisturbed 
sampling. 

Excavate pits to an open cross-sectional area large enough to permit efficient 
excavation and shoring (if necessary), engineering and geological inspection and 
photographing of the subsurface soils and manual undisturbed sampling from within 
the test pit. 

Provide all pumping and take all measures (e.g. sheet piling, timbering etc.) to ensure 
stability of adjacent structures or installations and safe conditions for descent into and 
working in the pits. While observations are in progress take all necessary steps to 
exclude water from test pits. 

All open exploratory excavations must be provided with suitable barricades, such as 
fences, covers, or warning lights, to protect pedestrians, livestock or wild animals, or 
vehicular traffic from accidents. Excavations shall be protected in accordance with all 
applicable safety regulations. 

Take disturbed samples every 1m or at every change of strata, whichever is the least. 
Minimum weight of samples is to be as specified in ASTM D6913/D6913M for 
classification. 

Take a minimum of two representative samples suitable for compaction testing from 
each test pit. 

Take undisturbed samples, as required by the Engineer, in accordance with ASTM D 
7015. 


a. A field density test should be taken next to each sample location. 

b. Sampling requires trimming tools and proper sampling containers and careful 
advancement. 

c. Push and Trim in increments to minimize disturbance. Retain trimming for 
water content testing. 
To remove the sample use wireline or chainsaw/shovel/knife. 

e. Place 3 minimum layers of cheesecloth and wax on sample sides 
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L. Handling, Preservation and Shipment of Samples 


1. 


Properly label and preserve each sample and protect from temperature extremes and 
moisture changes. Undisturbed samples must be handled and preserved in a manner 
to preserve stratification or structure, water content, and in situ stresses, to the extent 
possible. 

Immediately after taking samples from the boreholes remove a 25 mm thick layer 
from each end and seal ends with a thick coating of paraffin wax or other wax 
approved by the Engineer. Store the 25 mm thick layers in an airtight container for 
classification testing. Place a close-fitting lid or screwed cap over each sample tube 
end and make tube airtight. Send samples to the laboratory, suitably packed to 
prevent damage or disturbance. Number and label each tube so that sample can be 
identified giving borehole, soil stratum, depth at which it was taken and date. 

In general, carbon steel tubes should not be used if the samples are to be stored in the 
tubes for an extended period of time to avoid contamination by corrosion. If extended 
storage is required, samples should be extruded and sealed within another suitable 
container. Containers made of alternative metals or wax-coated cardboard tubes 
should be considered. 

Place disturbed samples in plastic bags and seal to prevent changes in soil moisture. 
Keep all descriptive labels and designations on sample jars, tubes, and boxes clean 
and legible until final delivery of samples. Samples shall be delivered within the time 
limits specified by the Engineer. 

Take every precaution to avoid damage to samples as a result of careless handling 
and undue delay in shipping. Minimize handling of samples and take care in 
transporting samples of soil and cores of rock from the site to the testing laboratory 
Samples shall be shipped in containers of sufficient durability to protect the samples 
from any damage during shipment. Protect samples against vibrations. Avoid 
exposing samples to precipitation, direct sunlight, temperatures in excess of 38 
degrees C. Where possible use transport manned by skilled personnel and arrange that 
those responsible for transporting samples are informed of the need to avoid 
unnecessary disturbance. 

Refer to ASTM D4220/D4220M for guidance on the preservation and shipment of 
samples 


M. Boring and Sampling Records: 


1. 


Soil and rock description shall be in accordance with ASTM D2488. Alternatively, 
the following general scheme could be used in the description of the surface geology 
and all soil and rock samples. 


Table 2: Soil and rock description 


ROCK 


Strength or relative density Colour 
Structure and weathered state Grain size 


(if appropriate) 


Colour 


Texture and structure 
Weathered or alteration state 


Secondary constituents Discontinuities 
Particle shape and grain size 
(for coarse grained soils) 


SOIL NAME (in capitals) ROCK NAME (in capitals) 


GEOTECHNICAL 
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istics 


SOIL ROCK 


Plasticity (for fine grained soils) Mechanical strength 
Minor constituents and lithological character- | Minor lithological characteristics 


Other information of special engineering inter- 


Other information of special engineering in- | est 


terest 


Geological formation (in brackets) 


Geological formation (in brackets) 


3.2 


2, 


All pertinent borehole, test pit and sample data must be recorded in a log as detailed 
in Part 1. 


Backfilling and Reinstatement: 


1. 


2. 


Preserve all holes in good condition until final measurement and until the records and 
samples have been accepted. Start backfilling only when authorized by the Engineer. 
Unless directed otherwise, all boreholes shall be grouted from the bottom of the hole 
to within 600 mm of the ground surface using a cement grout mixture, or 
bentonite/cement mix. All grout shall be pumped through a tremie pipe that is 
inserted to the bottom of the boring to ensure that the grout fills the full extent of the 
hole. The remaining un-grouted top 600 mm of the hole shall be backfilled with local 
soil and tamped. 

Test pits shall not be backfilled without the Engineer’s instruction. Place backfill into 
test pit in layers, each successive layer being compacted. Reinstate the surface to the 
condition existing before excavation to the satisfaction of the Engineer 


INSITU TESTING FOR GEOTECHNICAL PURPOSES 


General: 


1. 


All preparation, testing and reporting shall be in accordance with the relevant 
referenced standard. The Contractor may undertake testing to alternative standards 
where these have been agreed with the Engineer prior to the commencement of site 
works. 

The following information shall be submitted for each test record to be included in 
the daily report, preliminary log and factual report: 


Date of Test. 

Exploratory hole number and location. 

Original ground level at test site. 

Depth and location of test or depths covered by test 

Information on groundwater levels in the exploratory hole during testing. 

Soil type and description at the test location as identified from ground samples 
taken at the test level. 


moaose 


All results shall be reported in SI units. 

Where load, displacement, pressure or other measuring equipment used during the 
investigation fieldwork necessitates regular calibration, such calibrations shall be 
carried out in accordance with the relevant standard or equipment manufacturer’s 
instructions following award of the Contract but prior to use in the Works. Evidence 
of calibrations and copies of calibration charts shall be supplied to the Engineer prior 
to commencing work and when otherwise requested. 
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B. Standard Penetration Test (SPT): 


1. 


2 


SPTs shall be carried out in accordance with ASTM D1586/1586M, BS EN ISO 
22476-3 or other equivalent Standard to the approval of the Engineer. 

Evidence of calibration of the weight and drop of the trip hammer shall be provided 
for each set of equipment used. Before any test is attempted, all loose and disturbed 
material shall be removed from the bottom of the exploratory hole. 

SPT shall be performed as specified to recover a disturbed sample of soil at intervals 
of not more than | m in the top 5 m and at intervals of 1.5m or at the change of each 
strata thereafter, unless otherwise instructed by the Engineer 

All external and internal faces of the SPT split spoon sampler shall be smooth and 
free from scars made by tools and rocks. A cone-ended adapter with a 30° half angle 
shall be available to replace the open-ended driving shoe for use in gravelly soils, or 
when directed by the Engineer. 

The results of SPTs shall be reported as the number of blows for the first 150 mm 
penetration (seating drive), in 75mm increments, and subsequently the number of 
blows for each 150mm of penetration over the final 300mm. The SPT ‘N’ value shall 
be recorded as the sum of the number of blows over the final 300mm of penetration. 
Examples are given below: 


a. Seating drive No of blows: 3, 4 (seating drive = 7) 
b. Final 300 mm No of blows: 7, 9, 12, 16 (SPT ‘N’ = 44) 


If any increment of 75mm of penetration (including the seating drive) is not achieved 
after 50 blows of the drive hammer, or where the total number of blows, excluding 
the seating drive, reaches 100, the number of blows and the penetration achieved (in 
millimeters) shall be recorded and the test shall be terminated. For example: 


a. Seating drive No of blows = 21, 50 for 70 mm (seating drive = 71 for 145 mm) 

b. Final 300 mm No of blows = 31, 34, 35 for 55 mm (SPT ‘N’ = 100 for 205 
mm) 

c. The water level in the borehole at the time of the test shall be recorded. When 
testing below the groundwater table, particular care shall be taken to maintain 
the water level in the exploratory hole at or above the water table in order to 
prevent piping disturbance of silt, sand, gravel, or laminated clay/silt. 


Additionally, the Contractor shall submit the following: 


Borehole diameter 

Top of sample depth and sample number 
Number of blows for each 0.15 m increment 
Hammer type and energy transfer ratio ER (%) 


aor 


C. Mechanical Static Cone Penetration Test- Dutch CPT: 


1. 


Dr 


This test is to be performed as per ASTM D3441 or BS EN ISO 22476-12 and BS EN 
1997-2 or other equivalent Standard to the approval of the Engineer. 

Carry out tests at convenient intervals generally not exceeding 250 mm until required 
depth of penetration has been reached. 

If progress becomes impossible before specified depth has been reached, drill a 
borehole to level where progress ceased and continue test from bottom of this bore- 
hole or successive boreholes drilled in like manner until specified depth has been 
reached. 
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Results shall include the following: 


Full description of apparatus intended to be used, its mode of operation 
Calibration certificate for all sensors of the used cones combined penetration 
resistance of cone and sleeve plotted against depth 

Penetration resistance of cone plotted against depth 

Penetration resistance of sleeve plotted against depth. 

Friction ratio Rf plotted against depth 

Interpretation of results with test observation and anomalies. 


of 


mono 


D. Electronic Friction Static Cone and Piezocone Penetration Test- CPT /PCPT: 


1. 


2. 


This test is to be performed as per ASTM D5778 or BS EN ISO 22476-1 and BS EN 
1997-2 or other equivalent Standard to the approval of the Engineer. 
Submitted results shall include the following: 


a. Full description of apparatus and its mode of operation 

b. Calibration certificate for all sensors of the used cones and pore water pressure 
transducers, 

Correction factor for tip and sleeve resistance reading 

Combined penetration resistance of cone and sleeve plotted against depth 
Penetration resistance of cone plotted against depth 

Penetration resistance of sleeve plotted against depth 

Pore water pressure plotted against depth 

Friction ratio Rf plotted against depth 

Interpretation of results with test observation and anomalies. 


Dg =o eae 


E. Dynamic Cone Penetration Test/Dynamic Probing: 


1. 


2. 


3: 


This test is to be performed as per ASTM D6951/D6951M or BS EN ISO 22476-2 
and BS EN 1997-2 or other equivalent Standard to the approval of the Engineer. 

At time of proposal give full description of apparatus intended to be used, its mode of 
operation and its calibration with the standard penetration test. 

Present results in the form of a graph of depth plotted against number of blows or any 
convenient unit of penetration 


F. Menard Pressuremeter Test: 


1. 


Method used should conform BS-EN-ISO 22476-4 or other equivalent Standard to 
the approval of the Engineer. The unload/reload cycling shall be performed to NF P 
94-110- 

Submit with the Proposal all technical information pertaining to the pressuremeter 
apparatus to be used. In addition, names and qualifications of technicians who are 
going to conduct the pressuremeter test are to be submitted. Such personnel should 
have a minimum experience of 5 years in pressuremeter testing. 

Make tests in boreholes as directed by the Engineer after results of preliminary 
boreholes are available. Should carrying out the pressuremeter tests require a change 
in the borehole size, inform the Engineer for an alternative course of action. Number 
of tests and depths at which, made shall be as instructed by the Engineer. 

The equipment and method used to prepare the test pocket shall cause the least 
possible disturbance to the soil at the cavity wall. 

When testing soils, the pressuremeter tests must be performed immediately after the 
hole is drilled. 
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6. The minimum spacing between two consecutive tests should be greater than (11/2) 
times the length of the inflatable part of the probe, common spacing range from 1 to 3 
m, or as directed by the Engineer 


7. The instrument shall be calibrated before each test to account and compensate for 
pressure losses and volume losses 

8. The test can be terminated when sufficient data has been accumulated for the 
intended purpose, within the full capabilities of the equipment. These will normally 
be: 
a. When the pressure reaches at least 5 MPa, or 
b. When the volume of liquid injected into the central measuring cell exceeds 700 

cm3, or 


c. When the probe bursts. 


9. Injected liquid volume readings shall be taken at 0, 15, 30 and 60 seconds for each 
pressure increment. 
10. For each test submit to the Engineer the following parameters: 


Probe type and dimensions 

Pressure and volume loss calibration curve 

The initial volume of the probe Vc 

Raw and corrected pressure meter test curves f (P) = V (60 s) 
Creep curve G(P) = A (V60/V30) : the difference between two readings at 30 
and 60 seconds; 

Elevation zc of the pressure transducer 

Menard deformation modulus Em 

Limiting pressure Pl 

creep pressure Pf 

Ratio Em/P1 

Em, Pl and Pf plotted versus depth 


eno sR 


eo agg rp 


G. Plate Load Test: 


1. This test is to be performed at locations directed by the Engineer. Plate load test 
apparatus shall be conforming to the requirements of DIN 18134 or other equivalent 
Standard to the approval of the Engineer. 

2: Plate load test apparatus shall be calibrated before performing the test 

3. Perform this test in soaked and unsoaked conditions for assessment of soil collapse 
potential. Soaking for 24 hours shall be carried out at a stress level of 200 kPa, unless 
otherwise directed by the Engineer. After 24 hours soaking, the test shall be 
continued until reaching a stress level of 600 to 800 kPa depending on jack capacity 
and in all cases beyond collapse stress level. Then the load shall be released by stages 
as per DIN 18134. 

4. At the location of the test, soil samples shall be taken for performing the following 
laboratory tests: 


a. grain size analysis (3 at each location) 
b. Atterberg limits (3 at each location) 
c. field density tests (3 at each location) 
5: The test report shall include the following information and parameters: 
a. Plate diameter 
b. Dial gauge reading and corresponding normal stresses 
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Ci Load-settlement curve 
d. Strain Modulus Ev 
e. Modulus of subgrade reaction 


H. Flexible Dilatometer Test: 


1. 


Method used should conform BS-EN-ISO 22476-5 or other equivalent Standard to 
the approval of the Engineer 


I. Vane Shear Test: 


1. 


2. 


Vane shear test is to be performed to ASTM D2573/D2573M or BS EN ISO 22476-9 
and BS EN 1997-2 or other equivalent Standard to the approval of the Engineer. 

The torque measurement device must be calibrated prior to testing. 

After completion of standard test measure remolded shear strength of soil if so 
instructed. Torque measuring instrument is to be disconnected from extension rods 
and vane turned through at least six complete revolutions. Allow a period of at least 
five minutes to elapse and then repeat vane test. 

Conduct intact and remolded vane tests at intervals of not more than | m in a in the 
top 5 m and at intervals of 1.5 m and at the change of each strata 

Submit the following data/results: 


a. Size and shape of the vane (double tapered, single tapered, or rectangular) and 
cross area 
; Calibration information and plot for the torque measurement device 
c. Peak undrained shear strength Su with the peak torque value Tp 
d. Remolded shear strength Sur with the number of revolutions and residual 
torque value Tr, Time to failure tf 
Sensitivity Ratio Sr 
f. The mobilized undrained shear strength Cu including the vane correction factor 


u 


© 


J. Field Density Test: 


1. 


This test is to be performed at locations directed by the Engineer. The sand cone 
method according to ASTM D1556/D1556M, and BS1377-9 shall be used or other 
equivalent Standard to the approval of the Engineer. 

Field density test by sand replacement method, according to ASTM D4914/D4914M 
or AASHTO T19 might be used, only with the approval of the Engineer. 

This test method is applicable for soils without appreciable amounts of rock or coarse 
materials in excess of 38 mm in diameter. 

This test shall be used to determine the in-place density and unit weight of soils using 
a sand cone apparatus, provided the natural void or pore openings in the soil are small 
enough to prevent the sand used in the test from entering the voids. The soil being 
tested should have sufficient cohesion or particle attraction to maintain stable sides on 
a small hole or excavation, and be firm enough to withstand the minor pressures 
exerted in digging the hole and placing the apparatus over it, without deforming or 
sloughing. Also, this test method is not suitable for organic, saturated, or highly 
plastic soils that would deform or compress during the excavation of the test hole. 
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3.3 GROUNDWATER MONITORING, SAMPLING, AND INSITU GEO-HYDRAULIC 
TESTING 


A. Groundwater Observations in Boreholes: 


1. 


When groundwater is encountered in an exploratory hole, boring/drilling or 
excavation shall immediately be suspended and the depth from ground level of the 
point of water entry recorded, together with the depth of any casing in use at the time. 
For boring works (or drilling works where the drilling flush does not ‘mask’ water 
strikes) work should be suspended for a 20-minute period after any water strike and 
any change in water level over this period should also be recorded. On each occasion 
when groundwater is recorded, the depth of the exploratory hole, the depth of any 
casing and the time on a 24-hour clock shall also be recorded. 


2. Where artesian conditions are encountered, the Contractor shall immediately inform 
the Engineer and agree upon a method for dealing with the conditions. 

3: Water levels shall be recorded and shown on borehole logs. 

B. Standpipes and Piezometers: 

1. Standpipes (or standpipe piezometers, if required) for monitoring general 
groundwater levels or changes in groundwater level in exploratory holes shall be 
installed in boreholes as shown on the Drawings, or as otherwise instructed by the 
Engineer. 

2. Standpipe is to comprise a rigid polyvinyl chloride or galvanized iron pipe 45 mm 
minimum diameter having at its lower end an approved porous filter element or 
alternatively perforated for a length of at least 500 mm. 

3. Surround filter or bottom of pipe with sand or sand and gravel mix graded to prevent 
entry of soil particles into pipe. 

4. Place layer of graded mix in bottom of borehole prior to lowering stand-pipe. 

5. Place sand or sand and gravel mix in position before withdrawing borehole casing. 

6. Provide screwed cap to top of standpipe which is not to be less than 150 mm below 
ground level. 

T Protect cap with short length of 150 mm diameter pipe set vertically with upper end 
covered by paving slab set flush with ground surface. 

8. All monitoring installations should be protected from damage using ‘stand-up’ 
covers, appropriately robust protection and warning tape, with this maintained for a 
period as instructed by the Engineer. 

9. Upon instruction by the Engineer all monitoring installations shall be 
decommissioned by the Contractor, and backfilled with cement-bentonite grout in a 
pumpable mix, in such a manner as to minimize any subsequent depression of the 
ground surface due to settlement of the backfill. 

10. When instructed by the Engineer fill annulus above filter with a layer of bentonite - 
cement grout. Drop a plug of stiff bentonite in the form of balls down borehole and 
carefully tamp into place and follow by pumping down bentonite - cement grout to 
fill borehole to a level of at least 0.5 m above filter or as instructed by the Engineer. 

11. When instructed by the Engineer form a plug of bentonite - cement mix of stiff plastic 
consistency and carefully tamp into place below level of standpipe to form seal 
against upward flow of groundwater into standpipe from a deeper aquifer. 

12. The top of each standpipe and piezometer tube shall be protected by a cover. The type 
of protective cover shall be approved by the Engineer. 

13. When instructed by the Engineer, the Contractor shall install a protective fence 
around the top of a standpipe or piezometer. 

14. Unless otherwise designated, piezometers, and standpipes protection shall not be 
removed from the site. 
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15. 


16. 


During the period of the work, take two readings of water levels per day (one in the 
morning, another by end of the working day) in all standpipes by means of a dipmeter 
/ water level meter or, if so directed, at more frequent intervals. When directed by the 
Engineer return to the site at intervals to make additional water level readings. 

If requested by the Engineer, install a data logging system for continuous remote 
monitoring of groundwater levels. 


Ç: Groundwater Sampling: 


1. 


2. 


Take a sample of groundwater as soon as sufficient water has entered borehole after 
boring has reached groundwater level. 

If water has been added to borehole before reaching groundwater level bale out all 
water in borehole and allow uncontaminated groundwater to seep back into borehole 
before sample is taken. 

Where groundwater is sealed off by borehole casing and a lower aquifer is 
encountered take a sample of water from this and any succeeding aquifers. 

Sample of groundwater is to be at least 500 ml in volume and placed in clean jars or 
bottles already rinsed with the water to be sampled and labelled and stored as 
described in BS 5930. 


D. Geo-Hydraulic Testing: 


1. General: 

a. Permeability tests shall be performed as part of piezometer installation 
procedures, both to obtain permeability information and to assure that the 
piezometer is working satisfactorily. 

b. When performing a permeability test, provide the following data 
1) Borehole number 
2) Date and time of test 
3) Borehole depth and diameter 
4) Depth and diameter of casing 
5) Depth to water level at start of test 
6) level of Packer(s), if applicable 
7) length and diameter of test section of borehole, if applicable 
8) Depth to water table and of any water inflows (including an estimate of 

amount of inflow) 
9) Record of water level at each recording period 
10)  Lithologic logs 
11) Screen lengths, if applicable 
12) Filter pack thickness and length, if applicable 
13) Thickness of saturated zone, if applicable 
14) Initial head change from slug, if applicable 
15) Details of any corrections made 
16) Calculated permeability (m/sec) 
17) Equations used for calculations 
18) Plot of change in water level against time 
2. Constant Head Test: 

a. This test is to be performed as per BS EN ISO 22282-2 or other equivalent 
Standards to the approval of the Engineer. 
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b. Carry out constant head test as directed by the Engineer during sinking of 
boreholes. 
c. After reaching the level of a pervious stratum in which a test is to be made 


continue boring until penetration into stratum is not less than five times 
internal diameter of casing being used. Clean out borehole just to bottom of 


casing. 

d. If casing is below level of groundwater keep it full of water during cleaning 
and withdrawal of tools so that soil does not squeeze into it. 

e. Discharge a metered supply of fresh clean water into the borehole. Water is to 


be free from silt or clay particles to avoid possibility of interstices of test 
section becoming plugged. If necessary free the water of foreign matter either 
by means of filtration or by use of settlement tanks. 

f. Where practicable the temperature of added water is to be higher than that of 
the groundwater to preclude creation of air bubbles in ground which might 
greatly reduce acceptance of water. 

g. In gravity tests adjust rate of flow of water supplied to borehole so that water 
level remains constant against a mark inside borehole casing near top. If it is 
impossible to maintain water level a constant rate of flow producing a 
fluctuation of no more than 75 mm above and below the mark during a period 
of five minutes will be accepted. When steady state has been reached record 
quantity of water entering borehole over a fixed interval of not less than five 
minutes. Repeat until consistent results are obtained. 


3: Falling Head Test: 


a. Where directed by the Engineer carry out falling head test in accordance with 
BS EN ISO 22282-2 in place of the constant head test. 
b. Where conditions in bore-hole indicate that a permeable stratum has been 


reached bale or pump out borehole to lower level of the water. Record water 
level until it returns to equilibrium. 

c. If it is impossible to lower water level in borehole either because soil is too 
permeable or because it flows into casing carry out a pouring in test instead. In 
this test pour water into borehole until casing is full. Record water level at 
intervals until equilibrium position is reached. 

d. Normally record the water level in the borehole at intervals as indicated in BS 
EN ISO 22282:2012. Measure water level with a battery-operated indicator or 
similar approved instrument. Take reasonable precautions to prevent ingress of 
water into hole during test period 


4. Packer Test: 


a. Standard test method for determining transmissivity and storativity of low 
permeability rocks by in situ measurements using pressure pulse technique test 
standard ASTM D4631 Water pressure tests in rock BS EN ISO 22282-3. 

Tests may be carried out using a single or double Packer. 

Cc. Use only clean water with a temperature not less than that of groundwater. 

d. Carry out tests at three pressure increments and two decrements equivalent to 
P/3, 2P/3 and P, where P is the vertical overburden pressure at level of test. 
Other instructions regarding test pressure may be given at proposal stage or 
during progress of the work. 

e. Record the following data: 


1) Q : rate of flow of water into borehole (liters/min) 
2) H : pressure head causing the flow (m) 
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3) r : internal radius of borehole casing (m) 


Normally the flow rate at each pressure will be recorded at ten-minute intervals 
to a maximum of three periods or less if similar results are obtained in two 
consecutive periods. 

Pressure difference between each increment/decrement should not normally be 
less than 35KN/m2 and pressure in Packer units should be at least 300 kKN/m2 
greater than test water pressure loss at varying flow rates before use. 


5. Slug Test: 


a. 


b. 


Test method for instantaneous change in head (slug) for determining hydraulic 
properties of aquifers 

Slug Tests shall be carried out at the locations and depths as determined by the 
Engineer in accordance with ASTM D4044/D4044M. 

If the water-level response in the slug test appears to be too sluggish or no 
response is apparent, the borehole may need to be redeveloped. 

The type of slug test (slug-in, slug-out) and mechanisms shall be determined 
based the screen position. If the borehole screen is open above the water table, 
slug out is the only method acceptable. 

The change needs to take place rapidly (“instantaneous”) and of sufficient 
magnitude: at least 0.3045 m, preferably two to 1.22 m. 

If the water quality is such that direct discharge to the ground is not permitted, 
arrange for collection and disposal for standard slug-out testing. Discharge 
water must be disposed according to all applicable laws and regulations. 

At each test borehole, establish and clearly mark the position of the selected 
reference point. Determine its elevation and record it. 

Measurements taken manually should continue until the water level has 
recovered about 80%. 

After the slug-in test has been finished and equilibrium reached, a slug-out test 
(reverse test) shall be performed as a check. 

Compare volume of slug to actual water displacement in the borehole. Evaluate 
the quality of the data, and the method of analysis applicable for the results. If 
a clear trend was not established, the test may need to be re-run. Ensure that 
equilibrium has been reached before re-running a test in the same borehole. 


6. Pumping Test: 


a. This test is to be performed as per BS EN ISO 22282-4 or other equivalent 
Standards to the approval of the Engineer. 

b. For permeability of rock, a preliminary fracture and joint analysis should be 
conducted prior to laying out a pump test. 

c. This test applies to pumping tests performed on aquifers whose permeability is 
such that pumping from a well can create a lowering of the piezometric head 
within hours or days depending on the ground conditions and the purpose. It 
covers pumping tests carried out in soils and rock. 

d. Submit the following test result: 

1) Drawdown and recovery of water levels in the test well and piezometer 
as a function of time; 
2) Discharge from the test well as a function of time. 
e. During the test, the test results should be plotted graphically 
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Infiltrometer Test: 


a. This test is to be performed as per ASTM D3385, BS EN ISO 22282-5 or other 
equivalent Standards to the approval of the Engineer. 


b. The infiltrometer test is used to determine the infiltration capacity of the 
ground at the surface or shallow depth. 
Cc. Submit the following test result: 


1) For the constant head procedure: the infiltrated volumes as a function of 


time. 
2) For the variable head procedure: the hydraulic head as a function of 
time. 
d. The recorded volumes plotted on a graph. 


Water Permeability Test in a Borehole using Closed Systems 


a. This test is to be performed as per BS EN ISO 22282-6 or other equivalent 
Standards to the approval of the Engineer. 

b. The tests are used to determine the permeability coefficient k in low 
permeability soil and rock lower than 10-8 m/s. It can also be used to 
determine the transmissivity T and the storage coefficient S. 

c. Submit the following test result: 


1) The pressure as a function of time, 
2) The variation of volume at application of the pressure pulse at the 
beginning and at the end of the test. 


Percolation/ Soakaway Test: 


a. Soakaway tests are performed for drainage design as per BRE Digest 365 


3.4 LABORATORY TESTING 


A. General: 


1. 


The geologist and/or geotechnical engineer responsible for applying test data to 
project requirements should exercise positive control of sampling and shipping of soil 
and rock samples and ensure the use of representative samples. 

Assessment of conditions of samples and availability for testing should run parallel to 
field work. The distribution of locations of soil and rock tests should be evaluated 
periodically. If it becomes apparent in the application of the test data that coverage of 
field conditions is irregular, or missing in certain stratigraphic units, field sampling 
procedures should be revised. 

All preparation, testing and reporting shall be in accordance with the relevant 
referenced standard. The Contractor may undertake testing to alternative standards 
where these have been agreed with the Engineer prior to the commencement of site 
works. 

The Contractor shall categorize samples in relation to applicability of testing 
according to ASTM D4220/D4220M: 


a. Group A samples for which only general visual identification or profile logging 
is applicable. 
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b. Group B samples for which only water content, classification, compaction 
and/or bulk sample testing is applicable. 
c. Group C samples for which density determinations, swell pressure, percent 


swell, consolidation, hydraulic conductivity, shear including cyclic and 
dynamic and any other intact specimen testing is applicable. 

d. Group D samples of fragile and sensitive material for which tests for Group C 
samples are applicable. 


Calibration of load-displacement or other measuring equipment shall be carried out in 
accordance with the relevant standard or the manufacturer’s instructions by an 
approved calibration service. Evidence of current calibrations shall be supplied to the 
Engineer 


B. Schedule of Tests: 


1. 


The Contractor shall supply a schedule of available samples and a proposed testing 
schedule in paper copy and in Microsoft Excel (.xls) format or other compatible 
spreadsheet program, to the Engineer within three working days of completion of the 
borehole/ test pit to which they refer. The testing schedules shall then be reviewed by 
the Engineer and sent to the Contractor for implementation. The Contractor should 
revert back to the Engineer in case any sample referred to in the schedule is 
unsuitable, insufficient or otherwise unavailable for testing, together with details of 
the reasons for this. 

Testing shall not be undertaken on any sample until the Engineer approves the 
proposed testing schedule. 


C. — Soil Testing: 


1. 


Testing of soils shall be carried out in accordance with the following Standards in 
Table 1 unless advised otherwise by the Engineer. 


Table 3: Soil tests 


Laboratory Test | ASTM Standard | BS Standard Comments 


Grain Size Anal- 


ysis 


Moisture Content 


Particle Size 
Analysis by Sed- 
imentation 


Use dry sieving only if the soil contains no clay and 
ASTM BS EN ISO silt fraction or if the soil is not forming lumps. 
D6913/D6913M/ | 17892-4:2016 | Submit cumulative percentage by weight of soil 
ASTM D2487 Clause 5.2 passing test sieves plotted on a particle size analysis 
diagram 

Required for every sample except clean sands and 
BS EN ISO gravels 

17892-1 Submit moisture content expressed as a percentage 
of dry weight of soil to two significant figures. 
Generally performed on soils finer than the No. 10 
sieve size (medium sand and finer). Correlate with 
BS EN ISO Atterberg limit tests to determine the plasticity of 
17892-4 : the soil 

2016 Clause | Submit: cumulative percentages as for sieve analy- 
5.3 and 5.4 sis plus percentage less than 0.2 mm, 0.006 mm and 
0.002 mm plotted on a particle size analysis sheet 
loss of pretreatment to nearest 1% 


ASTM D2216 


ASTM D7928/ 


ASTM D1140 


Dry and Bulk BS EN ISO 
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Laboratory Test | ASTM Standard | BS Standard Comments 
Required for every stratum of cohesive material; 
always have associated natural water content of ma- 
Plasticity Indices | ASTM D4318 o. : : 2 terial tested. 
Submit: Liquid Limit (LL), Plastic Limit (PL), and 
Plasticity Index (PI) 
Unconsolidated Indicate wheth disturbed Ided N 
Undrained Triax- BS EN ISO ndicate whether undisturbed or remolded speci- 
ial Compression ASTM D2850 17892-8 mens are tested 
Test p Submit all the data as per the specified references 
Consolidated R . í 
Undrained Triax- BS EN ISO Indicate whether undisturbed or remolded speci- 
ial C ; ASTM D4767 17892-9 mens are tested 
T ; een ene 7 Submit all the data as per the specified references 
Consolidated . . ; 
drained Triaxial BS EN ISO Indicate whether undisturbed or remolded speci- 
Compressor ASTM D7181 17892-9 mens are tested 
Test P Submit all the data as per the specified references 


Consolidated 

drained direct ASTM D3080 BS EN ISO 
shear Compres- /3080M 17892-10 
sion Test 


Indicate whether undisturbed or remolded speci- 
mens are tested 
Submit all the data as per the specified references 


compressive strength to the nearest 2 kN/m? for val- 
ues up to 50 kN/m”, to the nearest 5 kN/m? for val- 
ues of 50-100 kN/m? and to the nearest 10 kN/m? 
for values over 100 kN/m? 


Unconfined 

Compression ASTM D2166/ | BS EN ISO 
Test on Cohesive | D2166M 17892-7 
Soil 


One Dimensional | ASTM D2435/ | BS EN ISO 
Consolidation 


D2435M 17892-5 
Test 
Specific Gravity BS EN ISO 
of Soil Particles ASTM. DS>4 17892-3 
ets Content | AASHTO 1291 | BS 1377-3 -| Water soluble Procedure 
eae Content | AASHTO T290 | BS 1377-3 | Water soluble Procedure 
See of | ASTM D4373 BS 1377-3 Submit calcium carbonate content to nearest 1% by 
Soil j weight of original direct sample. 
pH Value of Soil | ASTM D4972 BS 1377-3 
Chloride Content ASTM D512 BS 1377-3 
of Groundwater 
Sulphate onten | amsi BS 1377-3. 
of Groundwater 

ASTI 

T) 


pH Value of M D1293 BS 1377-3. 

Groundwater 

Linear Shrinkage ASTM D4943 

of Soil 

One Dimensional 2 i State type of water used to inundate the specimen 


Swell or Collapse | ASTM D4546 


Potential of Soils 
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Laboratory Test | ASTM Standard | BS Standard Comments 


Determination of 
The Dry Densi- 
ty/Moisture Con- 
tent Relationship 
of Soil 


State the amount of stone retained on 20 mm BS test 
sieve to the nearest 1%, and method of obtaining 
result i.e. weight of hammer used, number of layers 
compacted, size of mold used 


ASTM D1557 - 


12e1 or ASTM 
D698 - 12e2 


BS 1377-4 


Determination of 
The California 
Bearing Ratio 
(CBR) 


Alkali Silica Re- ASTM C1260 
activity Test 


State the method of compaction, dry density and 
ASTM D1883 BS 1377-4 moisture content after the test, and if soaked, the 
time of soaking and amount of swell. 


ASTM D2419/ 
Sand Equivalent AASHTO T176 BS EN 933-8 
Clay Lumps & ASTM 
Friable Particles | C142/C142M 
Pye ae ASTM D4943 
shrinkage test 


Dispersive test— | ASTM D4647 / 
Pinhole method D4647M 
Dispersive test — 
Double hydrome- | ASTM D4221 
ter method 


D. Rock Testing 


1. Testing of rock shall be carried out in accordance with the following Standards in 
Table 2 unless advised otherwise by the Engineer. 


Table 4: Rock tests 


TEST STANDARD / REFERENCE 


Natural moisture content of rock core speci- 

men ISRM Commission on Standardization of La- 
boratory & Field Tests. Suggested methods for 
determining water content, porosity, density, 
absorption & related properties & swelling & 
slake-durability index properties. Int. Jour. Rock 
Mechanics & Mining Sciences & Geomech. 
Abstract. 1979, 16(2), 141-156. 


Bulk density of rock core specimen 


ASTM D4992 

ISRM Commission on Standardization of La- 
boratory & Field Tests. Suggested methods for 
petrographic description of rocks. Int. Jour. 
Rock Mechanics & Mining Sciences & Geo- 
mech. Abstract. 1978, 15(2), 41-45. 

ASTM D5731 

ISRM Commission on Testing Methods. Sug- 
gested methods for determining point load 
strength. Int. Jour. Rock Mechanics & Mining 
Sciences & Geomech. Abstract. 1985, 22(2), 51- 


Petrographic analysis of rock core specimen 


Point load test on rock core specimen 
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TEST STANDARD / REFERENCE 
ASTM D7012 


Uniaxial compressive strength of rock core BS EN ISO 17892-7 

specimen and static elastic modulus of rock Submit method of determination of Young's 
core specimen modulus and at what axial stress level deter- 
mined 

ISRM Commission on Testing Methods. Sug- 
gested methods for determining shear strength. 
Rock Characterization Testing and Monitoring: 
ISRM Suggested Methods. Brown, E.T., ed. 
Oxford: Pergamon Press, 1981. 


Splitting tense strength of intact rock core ASTM D3967 
specimen 


Direct Tensile Strength 
ASTM D4644 

Slake durability index Rock characterization testing and monitoring: 
ISRM Suggested Methods. Brown, E.T., ed. 
Oxford: Pergamon Press, 1981. 


h ASTM D7625 
nee NF P94-430-1 
Rock hardness ASTM D5873 


ASTM C131 /C131M 
BS EN 1097-2 


Soundness by magnesium sulphate ASTM C88/C88M 
BS 812 
Aggregate impact value ASTM D5874 
BS 812 
Polished stone value BS 812 
Water absorption ASTM D6473 
BS EN 1097-6 
2. Petrographic analysis, where required, shall include comments on particle angularity, 
cementation, porosity, skeletal structures and non-skeletal structures and general 
comments on grain characteristics, including secondary mineralization, the presence 
of gypsum, alteration, durability, and susceptibility to crushing. 
3. For rock forms having soil-like characteristics, the index properties (Atterberg limits, 


moisture content, etc.) of these materials should be determined prior to more 
comprehensive testing. 


Direct shear box test on rock core specimen 


Los Angeles abrasion tests 


E. Other Laboratory Tests 
F. The Contractor shall agree with the Engineer on the referenced test standard and equipment 


to be used for the test, and proceed accordingly. Test procedures shall be submitted with the 
results 


END OF SECTION 023200 
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SECTION 024116 - STRUCTURE DEMOLITION 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 
1.2 SUMMARY 

A. This Section includes the following: 

1. Demolition and removal of buildings and structures and site improvements. 
Demolition and removal of site improvements adjacent to a building or structure to be 
demolished. 

3 Removing below-grade construction. 

4. Disconnecting, capping or sealing, and abandoning in place site utilities. 

5 Salvaging items for reuse by Employer. 

B. Related Sections include the following: 

1. Section 011000 "Summary" for restrictions on the use of the premises, employer- 
occupancy requirements and phasing requirements. 

2: Section 311000 "Site Clearing" for site clearing and removal of above- and below- 
grade improvements. 

1.3 DEFINITIONS 

A. Remove: Detach items from existing construction and legally dispose of them off-site 
unless indicated or directed to be removed and salvaged or removed and re-used. 

B. Remove and Salvage: Carefully detach from existing construction, in a manner to prevent 
damage, and deliver to employer. Include fasteners or brackets needed for reattachment 
elsewhere. 

C. Remove and Re-use: Carefully detach items from existing construction. Clean, service and 
otherwise prepare them for re-use; store and protect against damage or deterioration. 
Reinstall items in locations indicated or directed. 

D. Existing to Remain: Existing items of construction that are not to be removed and that are 
not otherwise indicated to be removed, removed and salvaged, or removed and re-used. 
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1.4 MATERIALS OWNERSHIP 


A. Except for items or materials indicated to be reused, salvaged, or otherwise indicated to 
remain the Employer's property, demolished materials shall become the Contractor's 
property and shall be removed from the site with further disposition at the Contractor's 
option. 


B. Historic items, relics, and similar objects including, but not limited to, cornerstones and 
their contents, commemorative plaques and tablets, antiques, and other items of interest or 
value to Employer that may be encountered during building demolition remain Employer's 
property. Carefully remove and salvage each item or object in a manner to prevent damage 
and deliver promptly to Employer. 


C. Coordinate with Engineer, who will establish special procedures for removal and salvage. 


1.5 PREINSTALLATION MEETINGS 


A. — Predemolition Conference: Conduct conference at Project site to comply with requirements 
in Section 013100 "Project Management and Coordination". Review methods and 
procedures related to building demolition including, but not limited to, the following: 


Inspect and discuss condition of construction to be demolished. 

Review and establish extent of any 'restricted' areas of demolition. 

Review structural load limitations of existing structures. 

Review and finalize building demolition schedule and verify availability of 
demolition personnel, equipment, and facilities needed to make progress and avoid 
delays. 

Review and finalize protection requirements. 

Review procedures for noise control and dust control. 

Review procedures for protection of adjacent buildings. 

Review items to be salvaged and returned to Employer. 


eee 


BOSTON 


1.6 INFORMATIONAL SUBMITTALS 
A. Engineering Survey: Submit engineering survey of condition of building. 
B. Proposed Protection Measures: Submit informational report, including Drawings, that 
indicates the measures proposed for protecting individuals and property for environmental 
protection, dust control and noise control. Indicate proposed locations and construction of 


barriers. 


1. Adjacent Buildings: Detail special measures proposed to protect adjacent buildings to 
remain including means of egress from those buildings. 


C. Schedule of Building Demolition Activities: Indicate the following: 


1. Detailed sequence of demolition and removal work, with starting and ending dates for 
each activity. 

2. Permanent or temporary interruption of utility services. 

3. Coordination for shutoff, capping, re-routing and continuation of utility services. 

4. Locations of temporary protection and means of egress, including for occupants of 


any adjacent buildings or facilities affected by building demolition operations. 
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5. Coordination of Employer's continuing on-site operations, including occupancy or 
partial use of premises, if any. 


D. Predemolition Photographs: Show existing conditions of adjoining construction and site 
improvements, including finish surfaces that might be misconstrued as damage caused by 


building demolition operations. 


E. Landfill Records: Indicate receipt and acceptance of hazardous wastes by a landfill facility 
licensed to accept hazardous wastes. 


F. Statement of Refrigerant Recovery: Signed by refrigerant recovery technician responsible 
for recovering refrigerant, stating that all refrigerant that was present was recovered and that 
recovery was performed according to SEPA regulations or local authorities requirements if 
there are any. Include name and address of technician and date refrigerant was recovered. 


G. Survey for existing structures: submit a survey for existing structures to be demolished in 
case As-Built drawings are not available. 


H. Submit No Objection Certificates “NOC” from all end-users, concerned authorities and 
utility providers prior to proceed with demolition works. 


I. Submit method statement, Work Notification to the Engineer’s review and approval. 


1.7 CLOSEOUT SUBMITTALS 
A. Inventory: After building demolition is complete, submit lists of items that have been 
removed and salvaged or removed for re-use. 
1.8 QUALITY ASSURANCE 


A. Refrigerant Recovery Technician Qualifications: Certified by SEPA-approved certification 
program or any equivalent program in Pakistan. 


B. Demolition Firm Qualifications: An experienced firm that has specialized in demolition 
work similar in material and extent to that indicated for this Project. 


C: Professional Engineer Qualifications: A professional engineer who is legally registered 
with Pakistani Engineering Council and qualified to practice in jurisdiction where Project is 
located and who is experienced in providing engineering services of the kind indicated. 

D. Regulatory Requirements: Before beginning demolition, comply with notification 
regulations of authorities having jurisdiction. Comply with hauling, including means and 


methods of transport, and disposal regulations of authorities having jurisdiction. 


E. Standards: Comply with ANSI A10.6 and NFPA 241. 


1.9 FIELD CONDITIONS 


A. Buildings to be demolished will be vacated and their use discontinued before start of Work. 
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B. 


C. 


D. 


E. 


F. 


1.10 


A. 


Building immediately adjacent to demolition area will be occupied. Conduct building 
demolition so operations of occupied buildings will not be disrupted. 


1. Provide not less than 72 hours' notice to Engineer of activities that may affect 
Employer's operations, or operation of adjacent occupied buildings. 

2. Maintain access to existing walkways, exits, and other adjacent occupied or used 
facilities. 
a. Do not close or obstruct walkways, exits, or other occupied or used facilities 


without written permission from authorities having jurisdiction. 


Conditions existing at time of inspection for bidding purpose will be maintained by 
Employer as far as practical. 


1. Before building demolition, Employer will remove the following items: 
a. Disconnect electricity and shut off pipelines if any. 


Hazardous Materials: It is not expected that hazardous materials will be encountered in the 
Work. 


1. Hazardous materials will be removed by Employer before start of the Work. 
If materials suspected of containing hazardous materials are encountered, do not 
disturb; immediately notify Engineer and Employer. Hazardous materials will be 
removed by Employer under a separate contract. 


Hazardous Materials: Hazardous materials are present in buildings and structures to be 
demolished. A report on the presence of hazardous materials is on file for review and use. 
Examine report to become aware of locations where hazardous materials are present. 


1. Hazardous material remediation is specified elsewhere in the Contract Documents. 
Do not disturb hazardous materials or items suspected of containing hazardous 
materials except under procedures specified elsewhere in the Contract Documents. 

3. Employer will provide material safety data sheets for materials that are known to be 
present in buildings and structures to be demolished because of building operations or 
processes performed there. 


On-site storage or sale of removed items or materials on-site is not permitted. 


COORDINATION 


Arrange demolition schedule so as not to interfere with Employer's on-site operations and 
operations of adjacent occupied buildings. 


PART 2 - PRODUCTS 


2.1 PERFORMANCE REQUIREMENTS 
A. Regulatory Requirements: Comply with local Authorities regulations if there are any, or 
governing EPA notification regulations before beginning demolition. Comply with hauling 
and disposal regulations of authorities having jurisdiction. 
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2.2 


B. 


A. 


Standards: Comply with ANSI/ASSP A10.6 and NFPA 241. 


SOIL MATERIALS 


Satisfactory Soils: Comply with requirements in Section 312000 "Earth Moving". 


PART 3 - EXECUTION 


3.1 EXAMINATION 

A. Verify that utilities have been disconnected and capped or rerouted at a safe distance from 
works location before starting demolition operations. 

B. Review project Record Documents of existing construction or other existing conditions and 
hazardous material information made available by the employer and provided by Engineer. 
Employer does not guarantee that existing conditions are the same as those indicated in 
Project Record Documents. 

C. Engage a qualified Engineer to perform an engineering survey of condition of building to 
determine whether removing any element might result in structural deficiency or unplanned 
collapse of any portion of structure or adjacent structures during building demolition 
operations. 

D. When unanticipated mechanical, electrical, or structural elements are encountered, 
investigate and measure the nature and extent of the element. Promptly submit a written 
report to Engineer. 

E. Verify that hazardous materials have been remediated before proceeding with building 
demolition operations. 

F. Steel Tendons: Locate tensioned steel tendons and include recommendations for de- 
tensioning. 

G. Inventory and record the condition of items to be removed and salvaged and/or removed and 
re-used. Provide photographs or video of conditions that might be misconstrued as damage 
caused by salvage operations. 

3.2 PREPARATION 

A. | Removed and salvaged Items: Comply with the following: 

1. Clean salvaged items of dirt and demolition debris. 
2. All salvaged items should be labeled. 
3. Pack or crate items after cleaning. Identify contents of containers. 
4. Store items in a secure area until delivery to Employer. 
5. Transport items to storage area designated by Employer. 
6. Protect items from damage during transport and storage. 
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3.3 


3.4 


UTILITY SERVICES AND MECHANICAL / ELECTRICAL SYSTEMS 


Existing Utilities to Be Disconnected: Locate, identify, disconnect, and seal or cap off 
indicated utilities serving buildings and structures to be demolished by the concerned utility 
agency. 


1. Do not start demolition work until utility disconnecting and sealing have been 
completed and verified by the concerned utility agency. 

2. Arrange to shut off indicated utilities with utility companies. 

3. If utility services are required to be removed, relocated, or abandoned, before 


proceeding with building demolition, this must be done or executed through 
concerned utility agency. 

4. If removal, relocation, or abandonment of utility services will affect adjacent 
occupied buildings, then provide temporary utilities that bypass buildings and 
structures to be demolished and that maintain continuity of service to other buildings 
and structures. 

5. Cut off pipe or conduit a minimum of 600 mm below grade. Cap, valve, or plug and 
seal remaining portion of KW&SB (Karachi Water and Sewage Board) pipes or 
conduits after bypassing. 

6. Do not start demolition work until utility disconnecting and sealing have been 
completed and verified in writing. 


Existing Utilities: See plumbing and electrical Sections for shutting off, disconnecting, 
removing, and sealing or capping utilities. Do not start demolition work until utility 
disconnecting and sealing have been completed and verified in writing. 


PROTECTION 


Existing Facilities: Protect adjacent roadways, walkways, loading docks, building entries, 
and other building facilities during demolition operations. Maintain exits from existing 
buildings. 


Temporary Shoring: Provide and maintain interior and exterior shoring, bracing, or 
structural support to preserve stability and prevent unexpected movement or collapse of 
construction being demolished. 


1. Strengthen or add new supports when required during progress of demolition. 


Existing Utilities to remain: Maintain utility services indicated to remain and protect them 
against damage during demolition operations. 


1. Do not interrupt existing utilities serving adjacent occupied or operating facilities 
unless authorized in writing by Engineer, users/occupants, authorities having 
jurisdiction and concerned utility providers. 

2: Provide temporary services during interruptions to existing utilities, as acceptable to 
Engineer, users/occupants, authorities having jurisdiction and to concerned utility 
providers. 


a. Provide at least 72 hours' notice to Engineer and occupants of affected 
buildings if shutdown of service is required during changeover. 
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D. Temporary Protection: Erect temporary protection, such as walks, fences, railings, 
canopies, and covered passageways, where necessarily required and as indicated. Comply 
with requirements in related to the temporary facilities and controls. 


1. Protect adjacent buildings and facilities from damage due to demolition activities. 

2. Protect existing site improvements, appurtenances, and landscaping to remain. 

3. Erect a plainly visible fence around drip line of individual trees or around perimeter 
drip line of groups of trees to remain. 

4. Provide temporary barricades and other protection required to prevent injury to 
people and damage to adjacent buildings and facilities to remain. 

5. Provide protection to ensure safe passage of people around building demolition area 
and to and from occupied portions of adjacent buildings and structures. 

6. Protect walls, windows, roofs, and other adjacent exterior construction that are to 
remain and that are exposed to building demolition operations. 

T: Erect and maintain dustproof partitions and temporary enclosures to limit dust, fumes, 


noise and dirt migration to occupied portions of adjacent buildings. 


E. Protect existing electrical equipment and installations indicated to remain. If damaged or 
disturbed in the course of the Work, remove damaged portions and install new products of 
equal capacity, quality, and functionality. 


F. Remove temporary barriers and protections where hazards no longer exist. Where open 
excavations or other hazardous conditions remain, leave temporary barriers and protections 
in place. 


3.5 DEMOLITION, GENERAL 


A. General: Demolish indicated existing bridge and site improvements completely. Use 
methods required to complete the Work within limitations of any governing regulations and 


as follows: 

1. Do not use cutting torches until work area is cleared of flammable materials. 
Maintain portable fire-suppression devices during flame-cutting operations. 

2. Maintain fire watch during and for at least 6 hours after flame cutting operations. 

3. Maintain adequate ventilation when using cutting torches. 

4. Locate building demolition equipment and remove debris and materials so as not to 


impose excessive loads on supporting walls, floors, or framing. 


B. Engineering Surveys: Perform surveys as the Work progresses to detect hazards that may 
result from building demolition activities. 


C. Site Access and Temporary Controls: Conduct building demolition and debris-removal 
operations to ensure minimum interference with roads, streets, walks, walkways, and other 
adjacent occupied and used facilities. 


1. Do not close or obstruct streets, walks, walkways, or other adjacent occupied or used 
facilities without permission from Engineer, users/occupants and authorities having 
jurisdiction. Provide alternate routes around closed or obstructed traffic ways if 
required by authorities having jurisdiction. 

2: Use water mist and other suitable methods to limit spread of dust and dirt. Comply 
with governing environmental-protection regulations. Do not use water when it may 
damage adjacent construction or create hazardous or objectionable conditions, such as 
ice, flooding, and pollution. 
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3.6 


3.7 


Accessible Work: Remove exposed electrical equipment and installations, indicated to be 
demolished in their entirety in consultation with concerned utility agency/owner. 


Abandoned Work: Cut and remove buried raceway and wiring, indicated to be abandoned in 
place, 50 mm below the surface of adjacent construction. Cap raceways and patch surface 
to match existing finish. 


Remove demolished material from Project site. 


Remove, store, clean, reinstall, reconnect, and make operational components indicated for 
relocation. 


Demolition of Fuel/Gas Facilities and Other/Related Aboveground/Underground Elements: 


1. Submit a method statement detailing the procedures to be adopted for purging and 
degasifying the tanks, pipes, etc., demolishing, dismantling, removing and adequately 
disposing of site of the demolished items, at an approved Municipality landfill. 

2. Prior to proceeding with demolition works and throughout the execution of the same, 
investigate the existence and the extent of any soil considered as contaminated as per 
the applicable regulations. Promptly notify the Engineer and submit proposals for the 
control of the contamination, degasification of the affected area, on-site treatment of 
the contaminated soil or the removal, adequately disposal of site at an approved 
Municipality landfill, and the replacement of the contaminated soil with satisfactory 
soil in accordance with the Specifications 


Explosives: Use of explosives is not permitted 


DEMOLITION BY EXPLOSIVES is not permitted. 


DEMOLITION BY MECHANICAL MEANS 


Proceed with demolition of structural framing members systematically, from higher to lower 
level. Complete building demolition operations above each floor or tier before disturbing 
supporting members on the next lower level. 


Remove debris from elevated portions by chute, hoist, or other device that will convey 
debris to grade level in a controlled descent. 


1. Remove structural framing members and lower to ground by method suitable to 
minimize ground impact or dust generation. 


Salvage: Items to be removed and salvaged are indicated on Drawings including but not 
limited to the below: 


1. Cabinets. 
2; Plumbing fixtures. 
3: Firefighting equipment. 


Concrete: Cut concrete full depth at junctures with construction indicated to remain, using 
power-driven saw, then remove concrete between saw cuts. 


Masonry: Cut masonry at junctures with construction indicated to remain, using power- 
driven saw, then remove masonry between saw cuts. 
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3.8 


Concrete Slabs-on-Grade: Saw-cut perimeter of area to be demolished at junctures with 
construction indicated to remain, then break up and remove. 


Structural Steel: Dismantle field connections without bending or damaging steel members. 
Do not use flame-cutting torches unless otherwise authorized by Engineer. 


Building Components: Remove firefighting equipment, electrical equipment and 
installations, lighting fixtures and the like, as whole units, intact and undamaged. 
Dismantled electrical equipment shall not be re-used unless specified under electrical works. 


Equipment: Disconnect equipment at nearest fitting connection to services, complete with 
service valves. Remove as whole units, complete with controls. 


Below-Grade Construction: Abandon foundation walls and other below-grade construction. 
Cut below-grade construction flush with grade. 


Below-Grade Construction: Demolish foundation walls and other below-grade construction 
that is within footprint of new construction and extending 1.5m outside footprint indicated 
for new construction. Abandon below-grade construction outside this area. 


1. Remove below-grade construction, including basements, foundation walls, footings 
and piles, completely. 


Below-Grade Construction: Demolish foundation walls and other below-grade construction. 


1. Remove below-grade construction, including basements, foundation walls, and 
footings, completely. 


Existing Utilities: Abandon existing utilities and below-grade utility structures. Cut utilities 
flush with grade. 


Existing Utilities: Demolish existing utilities and below-grade utility structures that are 
within 1.5 m outside of footprint indicated for new construction of KW&SB (Karachi Water 
and Sewage Board). Abandon utilities outside this area. 


1. Fill abandoned utility structures with satisfactory soil materials according to backfill 
requirements in Section 312000 "Earth Moving". 


Existing Utilities: Demolish and remove existing utilities and below-grade utility structures. 


SITE RESTORATION 


Below-Grade Areas: Rough grade below-grade areas ready for further excavation or new 
construction. 


Below-Grade Areas: Completely fill below-grade areas and voids resulting from building 
demolition operations with satisfactory soil materials according to backfill requirements in 
Section 312000 “Earth Moving”. 


Site Grading: Uniformly rough grade area of demolished construction to a smooth surface, 
free from irregular surface changes. Provide a smooth transition between adjacent existing 
grades and new grades. 
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3.9 


3.10 


3.11 


REPAIRS 


General: Promptly repair damage to adjacent construction caused by building demolition 
operations. 


Where repairs to existing surfaces are required, patch to produce surfaces suitable for new 
materials. 


Restore exposed finishes of patched areas and extend restoration into adjoining construction 
in a manner that eliminates evidence of patching and refinishing. 


DISPOSAL OF DEMOLISHED MATERIALS 


For items or materials not indicated to be reused, salvaged, reinstalled, or not indicated to 
remain Employer's property, remove and transport demolished materials from Project site, 
and dispose them in an approved construction and demolition waste landfill acceptable to 
authorities having jurisdiction. 


1. Do not allow demolished materials to accumulate on-site. 
2. Remove and transport debris in a manner that will prevent spillage on adjacent 


surfaces and areas. 


Items or materials indicated to be reused, salvaged, reinstalled, or otherwise indicated to 
remain Employer's property, shall be labeled and stored to the Employer’s approval. 


Burning: Do not burn demolished materials on Project site unless otherwise permitted by 
Engineer. 


1. If burning is permitted, provide full-time monitoring for burning materials until fires 
are extinguished. 

CLEANING 

Clean adjacent structures and improvements of dust, dirt, and debris caused by building 

demolition operations. Return adjacent areas to condition existing before building 


demolition operations began. 


1. Clean roadways of debris caused by debris transport. 


END OF SECTION 024116 
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SECTION 030130 - MAINTENANCE OF CAST-IN-PLACE CONCRETE 
PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 
A. Drawings and general provisions of the Contract, including General and Supplementary 


Conditions and Division 01 Specification Sections, apply to this Section. 


1.2 SUMMARY 


A. Section Includes: 
1. Removal of deteriorated concrete and subsequent replacement and patching. 
2: Floor joint repair. 
3. Epoxy crack injection. 
4. Corrosion-inhibiting treatment. 
5. Polymer overlays. 
6. Polymer sealers. 
7. Composite structural reinforcement. 


1.3 ALLOWANCES 


A. Allowances for maintenance of cast-in-place concrete are specified in Section 012100 "Al- 
lowances." 
B. Field quality-control testing is part of testing and inspecting allowance. 


1.4 PREINSTALLATION MEETINGS 
A. Preinstallation Conference: Conduct conference at Project site. 


1. Review methods and procedures related to concrete maintenance including, but not 
limited to, the following: 


a. Verify concrete-maintenance specialist's personnel, equipment, and facilities 
needed to make progress and avoid delays. 

b. Materials, material application, sequencing, tolerances, and required clearanc- 
es. 

c. Quality-control program. 


1.5 ACTION SUBMITTALS 
A. Product Data: For each type of product. 


1. Include construction details, material descriptions, chemical composition, physical 
properties, test data, and mixing, preparation, and application instructions. 
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B. Samples: Cured samples for each exposed product and for each color and texture specified, 
in manufacturer's standard size appropriate for each type of work. 


C. Samples for Initial Selection: Cured samples for each exposed product and for each color 
and texture specified. 


1. Include sets of patching-material Samples in the form of briquettes, at least 75 mm 
long by 38 mm wide representative of the range of concrete colors on the building. 
Document each Sample with product, mix, and or other information necessary to rep- 
licate it. 

2. Include sets of Samples for epoxy crack-injection adhesive and capping adhesive in 
the form of injection-treated, whole, dense concrete block or brick units representa- 
tive of the range of required adhesive colors. 

3. Include sets of polymer-overlay Samples in the form of treated cementitious tiles at 
least 100 mm long by 100 mm wide representative of the range of required colors and 
textures. 

4. Include sets of polymer-sealer Samples in the form of treated cementitious tiles at 
least 100 mm long by 100 mm wide representative of the range of required colors and 
textures. 

5. Have each set of Samples contain a close color range of at least three Samples of dif- 
ferent mixes of materials that match the variations in existing, adjacent concrete when 
cured and dry. 


D. Samples for Verification: Cured samples for each exposed product and for each color and 
texture specified. 


1. Include Samples of each required type, color, and texture of patching material in the 
form of patches in drilled holes or sawed joints in sample concrete representative of 
the range of concrete colors on the building. 


2: Include Samples of epoxy crack-injection in the form of injection-treated, whole, 
dense concrete block or brick units representative of the range of required adhesive 
colors. 

3. Include Samples of each required type, color, and texture of polymer-overlay material 
in the form of cementitious tiles at least 200 mm long by 200 mm wide. 

4. Include Samples of each required type, color, and texture of polymer-sealer material 


in the form of cementitious tiles at least 200 mm long by 200 mm wide. 


1.6 INFORMATIONAL SUBMITTALS 
A. Qualification Data: For [concrete-maintenance specialist] [and] [manufacturers]. 


B. Material Certificates: For each type of Portland cement and aggregate supplied for mixing 
or adding to products at Project site. 


C. Product Test Reports: For each material to be used, for tests performed by manufacturer and 
witnessed by a qualified testing agency. 


D. Field quality-control reports. 


E. Quality-Control Program: Submit before work begins. 
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1.7 QUALITY ASSURANCE 


A. Manufacturer Qualifications: Each material to be used, manufacturer shall employ factory- 
trained technical representatives who are available for consultation and Project-site inspec- 
tion and on-site assistance at no additional cost. 


B. Concrete-Maintenance Specialist Qualifications: Engage an experienced concrete- 
maintenance firm that employs installers and supervisors who are trained and approved by 
manufacturer to apply any type of repair mortar to adhesive or the like to perform work of 
this Section. Firm shall have completed work similar in material, design, and extent to that 
indicated for this Project with a record of successful in-service performance. Experience in 
only installing or patching new concrete is insufficient experience for concrete-maintenance 
work. 


1; Field Supervision: Concrete-maintenance specialist firm shall maintain experienced 
full-time supervisors on Project site during times that concrete-maintenance work is 
in progress. 


G Quality-Control Program: Prepare a written plan for concrete maintenance to systematically 
demonstrate the ability of personnel to properly perform maintenance work, including each 
phase or process, protection of surrounding materials during operations, and control of de- 
bris and runoff during the Work. Describe in detail materials, methods, equipment, and se- 
quence of operations to be used for each phase of the Work. 


D. Mockups: Build mockups to demonstrate aesthetic effects and set quality standards for ma- 
terials and execution. 


1. Concrete Removal and Patching: Remove and repair an approximately 4.6 sq. m area 
of deteriorated concrete. 

2. Floor Joint Repair: Cut out and reinstall joints in two separate areas, each approxi- 
mately 1200 mm long. 

3: Epoxy Crack Injection: Perform epoxy crack injection in two separate areas, each ap- 


proximately 1200 mm long. 
4. Polymer Overlay: Apply an approximately 4.6 sq. m area of polymer overlay. 


5. Polymer Sealer: Apply an approximately 4.6 sq. m area of polymer sealer. 

6. Composite Structural Reinforcement: Apply composite structural reinforcement a 
minimum of 1200 mm long. 

7. Approval of mockups does not constitute approval of deviations from the Contract 


Documents contained in mockups unless Engineer specifically approves such devia- 
tions in writing. 

8. Subject to compliance with requirements, approved mockups may become part of the 
completed Work if undisturbed at time of Substantial Completion. 


1.8 DELIVERY, STORAGE, AND HANDLING 


A. Comply with manufacturer's written instructions for minimum and maximum temperature 
requirements and other conditions for storage. 


B. Store cementitious materials off the ground, under cover, and in a dry location. 


C. Store aggregates covered and in a dry location; maintain grading and other required charac- 
teristics and prevent contamination. 
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1.9 


A. 


B. 


Ç: 


D. 


E. 


FIELD CONDITIONS 


Environmental Limitations for Epoxies: Do not apply when air and substrate temperatures 
are outside limits permitted by manufacturer. During hot weather, cool epoxy components 
before mixing, store mixed products in shade, and cool unused mixed products to retard set- 
ting. Do not apply to wet substrates unless approved by manufacturer. 


1. Use only Class A epoxies when substrate temperatures are below or are expected to 
go below 5 deg. C within 8 hours. 

2. Use only Class A or B epoxies when substrate temperatures are below or are expected 
to go below 16 deg. C within 8 hours. 

3. Use only Class C epoxies when substrate temperatures are above and are expected to 


stay above 16 deg. C for 8 hours. 


Cold-Weather Requirements for cementitious Materials: Do not apply unless concrete- 
surface and air temperatures are above 5 deg. C and will remain so for at least 48 hours after 
completion of Work. 


Cold-Weather Requirements for cementitious Materials: Comply with the following proce- 
dures: 


1. When air temperature is below 5 deg. C, heat patching-material ingredients and exist- 
ing concrete to produce temperatures between 5 and 32 deg. C. 
2. When mean daily air temperature is between minus 4 and plus 5 deg. C, cover com- 


pleted Work with weather-resistant insulating blankets for 48 hours after repair or 
provide enclosure and heat to maintain temperatures above 0 deg. C within the enclo- 
sure for 48 hours after repair. 

3. When mean daily air temperature is below minus 4 deg. C. Provide enclosure and 
heat to maintain temperatures above 0 deg. C within the enclosure for 48 hours after 
repair. 


Hot-Weather Requirements for cementitious Materials: Protect repair work when tempera- 
ture and humidity conditions produce excessive evaporation of water from patching materi- 
als. Provide artificial shade and wind breaks, and use cooled materials as required. Do not 
apply to substrates with temperatures of 32 deg. C and above. 


Environmental Limitations for High-Molecular-Weight Methacrylate Sealers: Do not apply 
when concrete surface temperature is below 13 deg C or above 32 deg. C. Apply only to 
substrates that have been dry for at least 48 hours. 


PART 2 - PRODUCTS 


2.1 MANUFACTURERS 
A. Source Limitations: Obtain each color, grade, finish, type, and variety of product from sin- 
gle source with resources to provide products of consistent quality in appearance and physi- 
cal properties. 
B. VOC Content: Provide materials that comply with VOC limits of authorities having juris- 
diction. 
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2.2 BONDING AGENTS 

A. — Epoxy-Modified, cementitious Bonding and Anticorrosion Agent: Manufactured product 
that consists of water-insensitive epoxy adhesive, Portland cement, and water-based solution 
of corrosion-inhibiting chemicals that forms a protective film on steel reinforcement. 

B. Epoxy Bonding Agent: ASTM C 881/C 881M, Type II or Type V and free of VOCs. 

C. Latex Bonding Agent, Redispersible: ASTM C1059/C1059M, Type I [for use at nonstruc- 
tural and interior locations unless otherwise indicated]. 

D. Latex Bonding Agent, Non-Redispersible: ASTM C1059/C1059M, Type II for use at struc- 
tural and exterior locations and where indicated. 

E. Mortar Scrub Coat: Mix consisting of 1 part Portland cement and 1 part fine aggregate com- 
plying with ASTM C144 except 100 percent passing a 1.18mm sieve. 

2.3 PATCHING MORTAR 

A. Patching Mortar Requirements: 

1. Only use patching mortars that are recommended by manufacturer for each applicable 
horizontal, vertical, or overhead use orientation. 

2. Color and Aggregate Texture: Provide patching mortar and aggregates of colors and 
sizes necessary to produce patching mortar that matches existing, adjacent, exposed 
concrete. Blend several aggregates if necessary to achieve suitable matches. 

3: Coarse Aggregate for Patching Mortar: ASTM C33/C33M, washed aggregate, Size 
No. 8, Class 5S. Add to patching-mortar mix only as permitted by patching-mortar 
manufacturer. 

B.  Job-Mixed Patching Mortar: 1 part Portland cement and 2-1/2 parts fine aggregate comply- 
ing with ASTM C144, except 100 percent passing a No. 16 (1.18-mm) sieve. 

C; Cementitious Patching Mortar: Packaged, dry mix for repair of concrete. 

1. Compressive Strength: Not less than 35 MPa at 28 days when tested according to 
ASTM C109/C109M. 

D.  Rapid-Strengthening, Cementitious Patching Mortar: Packaged, dry mix , ASTM C928 for 
repair of concrete. 

1. Compressive Strength: Not less than 21 MPa within six hours when tested according 
to ASTM C109/C109M. 

E. Polymer-Modified, cementitious Patching Mortar: Packaged, dry mix for repair of concrete 
and that contains a [non-redispersible] latex additive as either a dry powder or a separate 
liquid that is added during mixing. 

1. Compressive Strength: Not less than 35 MPa at 28 days when tested according to 
ASTM C109/C109M. 
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2.4 


2.6 


2.7 


Polymer-Modified, Silica-Fume-Enhanced, cementitious Patching Mortar: Packaged, dry 
mix for repair of concrete and that contains silica fume complying with ASTM C1240 and 
a non-redispersible latex additive as either a dry powder or a separate liquid that is added 
during mixing. 


1. Compressive Strength: Not less than 28 MPa at 28 days when tested according to 
ASTM C109/C109M. 

PREPLACED CONCRETE MATERIALS 

Preplaced Aggregate: Washed aggregate, ASTM C33/C33M, Class 5S, with 95 to 100 per- 

cent passing a 37.5mm sieve, 40 to 80 percent passing a 25mm sieve, 20 to 45 percent pass- 

ing a 19mm sieve, 0 to 10 percent passing a 12.5mm sieve, and 0 to 2 percent passing a 

9.5mm sieve] [100 percent passing a 37.5mm sieve, 95 to 100 percent passing a 25mm 

sieve, 40 to 80 percent passing a 19mm sieve, 0 to 15 percent passing a 12.5mm sieve, and 0 

to 2 percent passing a 9.5mm sieve. 

Fine Aggregate for Grout: Fine aggregate according to ASTM C33/C33M, but with 100 

percent passing a 2.36mm sieve, 95 to 100 percent passing a 1.18mm sieve, 55 to 80 percent 

passing a 0.6mm sieve, 30 to 55 percent passing a 0.3mm sieve, 10 to 30 percent passing a 

0.15mm sieve, 0 to 10 percent passing a 0.075mm sieve, and having a fineness modulus of 

1.30 to 2.10. 

Grout fluidifier for Grout: ASTM C937. 


Pozzolans for Grout: ASTM C618. 


JOINT FILLER 


Epoxy Joint Filler: Two-component, semirigid, 100 percent solids, epoxy resin with a 
Type A Shore durometer hardness of at least 80 according to ASTM D2240. 


durometer hardness of at least 80 according to ASTM D2240. 


Color: As selected by Engineer from full range of industry colors. 


EPOXY CRACK-INJECTION MATERIALS 


Epoxy Crack-Injection Adhesive: ASTM C881/C881M, Type I and Type [Vas indicated, 
Type I at indicated on the drawings free of VOCs. 


1. Capping Adhesive: Product manufactured for use with crack injection adhesive by 
same manufacturer. 
2. Color: Provide epoxy crack-injection adhesive and capping adhesive As selected by 


Engineer from full range of industry colors. 


CORROSION-INHIBITING MATERIALS 


Corrosion-Inhibiting Treatment: Waterborne solution of alkaline corrosion-inhibiting chem- 
icals for concrete-surface application that penetrates concrete by diffusion and forms a pro- 
tective film on steel reinforcement. 
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2.8 POLYMER-OVERLAY MATERIALS 
A. Polymer Overlay: Epoxy adhesive complying with ASTM C881/C881M, Type II, with sur- 
face-applied aggregate for skid resistance; free of VOCs. 
1. Aggregate: ACI 503.3, oven-dried, washed silica sand. 
2: Color and Texture: As indicated by manufacturer's As selected by Engineer from full 
range of industry colors. 
2.9 POLYMER-SEALER MATERIALS 
A. Polymer Sealer: Low-viscosity epoxy or high-molecular-weight methacrylate penetrating 
sealer and crack filler recommended by manufacturer for penetrating and sealing cracks in 
exterior concrete traffic surfaces; free of VOCs. 
1. Color: As selected by Engineer from full range of industry colors. 
2.10 COMPOSITE REINFORCEMENT MATERIALS 
A. Composite Structural Reinforcement: Manufacturer's system consisting of carbon-fiber rein- 
forcement in the form of tow sheet with field-applied saturant or preimpregnated sheet and 
epoxy primers, fillers, adhesives, saturants, and topcoats, designed for use as externally 
bonded structural reinforcement for concrete. 
2.11 MISCELLANEOUS MATERIALS 
A. Portland Cement: ASTM C150/C150M, Type I, II, or IM unless otherwise indicated. 
B. Water: Potable 
2.12 MIXES 
A. General: Mix products, in clean containers, according to manufacturer's written instructions. 
1. Do not add water, thinners, or additives unless recommended by manufacturer. 
When practical, use manufacturer's premeasured packages to ensure that materials are 
mixed in proper proportions. When premeasured packages are not used, measure in- 
gredients using graduated measuring containers; do not estimate quantities or use 
shovel or trowel as unit of measure. 
3. Do not mix more materials than can be used within time limits recommended by 
manufacturer. Discard materials that have begun to set. 
B. Mortar Scrub Coat: Mix dry ingredients with enough water to provide consistency of thick 
cream. 
C. Dry-Pack Mortar: Mix patching-mortar dry ingredients with just enough liquid to form 
damp cohesive mixture that can be squeezed by hand into a ball but is not plastic. 
D. Concrete: Comply with Section 033000 "Cast-in-Place Concrete”. 
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E. 


Grout for Use with Preplaced Aggregate: Proportion according to ASTM C938. Add grout 
fluidifier to mixing water followed by Portland cement, pozzolan, and fine aggregate. 


PART 3 - EXECUTION 


3.1 


3.2 


3.3 


A. 


B. 


A. 


B. 


CONCRETE MAINTENANCE 


Have concrete-maintenance work performed only by qualified concrete-maintenance spe- 
cialist. 


Comply with manufacturers' written instructions for surface preparation and product appli- 
cation. 


EXAMINATION 


Notify Engineer seven days in advance of dates when areas of deteriorated or delaminated 
concrete and deteriorated reinforcing bars will be located. 


Locate areas of deteriorated or delaminated concrete using hammer or chain-drag sounding 
and mark boundaries. Mark areas for removal by simplifying and squaring off boundaries as 
directed by Engineer. At columns and walls make boundaries level and plumb unless other- 
wise indicated. 


Pachometer Testing: Locate at least three reinforcing bars using a pachometer, and drill test 
holes to determine depth of cover. Calibrate pachometer using depth of cover measure- 
ments, and verify depth of cover in removal areas using pachometer. 


Perform surveys as the Work progresses to detect hazards resulting from concrete- 
maintenance work. 


PREPARATION 


Ensure that supervisory personnel are on-site and on duty when concrete maintenance work 
begins and during its progress. 


Protect persons, motor vehicles, surrounding surfaces of building being restored, building 
site, plants, and surrounding buildings from harm resulting from concrete maintenance 
work. 


1. Comply with each product manufacturer's written instructions for protections and 
precautions. Protect against adverse effects of products and procedures on people and 
adjacent materials, components, and vegetation. 

2. Use only proven protection methods appropriate to each area and surface being pro- 
tected. 

3. Provide barricades, barriers, and temporary directional signage to exclude public 
from areas where concrete maintenance work is being performed. 

4. Erect temporary protective covers over walkways and at points of pedestrian and ve- 
hicular entrance and exit that must remain in service during course of concrete 
maintenance work. 

5. Contain dust and debris generated by concrete maintenance work and prevent it from 
reaching the public or adjacent surfaces. 
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6. Use water-mist sprinkling and other wet methods to control dust only with adequate, 
approved procedures and equipment that ensure that such water will not create a haz- 
ard or adversely affect other building areas or materials. 


7. Protect floors and other surfaces along haul routes from damage, wear, and staining. 

8. Provide supplemental sound-control treatment to isolate removal and dismantling 
work from other areas of the building. 

9. Protect adjacent surfaces and equipment by covering them with heavy polyethylene 


film and waterproof masking tape or a liquid strippable masking agent. If practical, 
remove items, store, and reinstall after potentially damaging operations are complete. 
10. Neutralize and collect alkaline and acid wastes for disposal off Employer's property. 
11. Dispose of debris and runoff from operations by legal means and in a manner that 
prevents soil erosion, undermining of paving and foundations, damage to landscap- 
ing, and water penetration into building interiors. 


C. Existing Drains: Prior to the start of work in an area, test drainage system to ensure that it is 
functioning properly. Notify Engineer immediately of inadequate drainage or blockage. Do 
not begin work in an area until the drainage system is in working order. 


1. Prevent solids such as aggregate or mortar residue from entering the drainage system. 
Clean out drains and drain lines that become sluggish or blocked by sand or other ma- 
terials resulting from concrete maintenance work. 

2. Protect drains from pollutants. Block drains or filter out sediments, allowing only 
clean water to pass. 


D. Preparation for Concrete Removal: Examine construction to be repaired to determine best 
methods to safely and effectively perform concrete maintenance work. Examine adjacent 
work to determine what protective measures will be necessary. Make explorations, probes, 
and inquiries as necessary to determine condition of construction to be removed in the 
course of repair. 


1. Verify that affected utilities have been disconnected and capped. 
Inventory and record the condition of items to be removed for reinstallation or sal- 
vage. 

3. Provide and maintain shoring, bracing, and temporary structural supports as required 


to preserve stability and prevent unexpected or uncontrolled movement, settlement, or 
collapse of construction being demolished and construction and finishes to remain. 
4. Strengthen or add new supports when required during progress of removal work. 


E. Reinforcing-Bar Preparation: Remove loose and flaking rust from reinforcing bars by wire 
brushing until only tightly adhered light rust remains. 


1. Where section loss of reinforcing bar is more than 25 percent, or 20 percent in two or 
more adjacent bars, cut bars and remove and replace as indicated on drawings. 
2. Remove additional concrete as necessary to provide at least 20-mm clearance at exist- 


ing and replacement bars. 
3. Splice replacement bars to existing bars according to ACI 318 (ACI 318M) by lap- 
ping, welding, or using mechanical couplings. 


F. Preparation of Floor Joints for Repair: Saw-cut joints full width to edges and depth of spalls, 
but not less than 25 mm deep. Clean out debris and loose concrete, vacuum or blow clear 
with compressed air. 


G. Surface Preparation for Corrosion-Inhibiting Treatment: Clean concrete to remove dirt, oils, 
films, and other materials detrimental to treatment application. 
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3.4 


1. Use sand blasting. 
23 Allow surface to dry before applying corrosion-inhibiting treatment. 


Surface Preparation for Overlays: 


1. Remove delaminated material and deteriorated concrete surface material. 
Roughen surface of concrete to produce a surface profile matching CSP 6 to CSP 9 
according to ICRI 03732. 

3. Use high-pressure water jetting or scabbling or flame blasting. 

4. Sweep and vacuum roughened surface to remove debris followed by low-pressure 
water cleaning. 


Acidic Surface Preparation for Sealers: Acid etch surface of concrete to produce a surface 
profile matching CSP 1 according to ICRI 03732. 


1. Remove excess acid solution, reaction products, and debris by squeegeeing or vacu- 
uming. 

2. Scrub surface with an alkaline detergent, rinse, and squeegee or vacuum. 

3. Check acidity of surface with pH test paper and continue rinsing until pH is accepta- 
ble to written requirements of sealer manufacturer. 

4. When pH is acceptable to written requirements of sealer manufacturer and surface is 
clean, vacuum dry. 


Nonacidic Surface Preparation for Sealers: Clean concrete to remove dirt, oils, films, and 
other materials detrimental to sealer application. 


1. Use shot blasting or low-pressure water cleaning or detergent scrubbing. 
Surface Preparation for Composite Structural Reinforcement: Clean concrete where rein- 
forcement and epoxy patching mortar is to be placed by low-pressure water cleaning to re- 
move dirt, oils, films, and other materials detrimental to epoxy patching mortar. 
1. Roughen surface of concrete by sand blasting. 
Remove delaminated material and deteriorated concrete surface material. 
3. Sweep and vacuum roughened surface to remove debris followed by low-pressure 
water cleaning. 
REMOVAL OF CONCRETE 


Do not overload structural elements with debris. 


Provide shoring, bracing, and supports as necessary. Strengthen or add new supports when 
required during progress of removal work. Do not overload structural elements with debris. 


Saw-cut perimeter of areas indicated for removal to a depth of at least 13 mm. Make cuts 
perpendicular to concrete surfaces and no deeper than cover on reinforcement. 


Remove deteriorated and delaminated concrete by breaking up and dislodging from rein- 
forcement. 


Remove additional concrete if necessary to provide a depth of removal of at least 13 mm 
over entire removal area. 
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3.5 


3.6 


Where half or more of the perimeter of reinforcing bar is exposed, bond between reinforcing 
bar and surrounding concrete is broken, or reinforcing bar is corroded, remove concrete 
from entire perimeter of bar and to provide at least a 19-mm clearance around bar. 


Test areas where concrete has been removed by tapping with hammer, and remove addition- 
al concrete until unsound and disbonded concrete is completely removed. 


Provide surfaces with a fractured profile of at least 3 mm that are approximately perpendicu- 
lar or parallel to original concrete surfaces. At columns and walls, make top and bottom sur- 
faces level unless otherwise directed. 


Thoroughly clean removal areas of loose concrete, dust, and debris. 


APPLICATION OF BONDING AGENT 


General: Comply with manufacturer's written instructions and recommendations for applica- 
tion of products, including surface preparation. 


Epoxy-Modified, cementitious Bonding and Anticorrosion Agent: Apply to reinforcing bars 
and concrete by stiff brush or hopper spray according to manufacturer's written instructions. 
Apply to reinforcing bars in two coats, allowing first coat to dry two to three hours before 
applying second coat. Allow to dry before placing patching mortar or concrete. 


Epoxy Bonding Agent: Apply to reinforcing bars and concrete by brush, roller, or spray ac- 
cording to manufacturer's written instructions, leaving no pinholes or other uncoated areas. 
Apply to reinforcing bars in at least two coats, allowing first coat to dry before applying 
second coat. Place patching mortar or concrete while epoxy is still tacky. If epoxy dries, re- 
coat before placing patching mortar or concrete. 


Latex Bonding Agent, Type I: Apply to concrete by brush roller or spray. Allow to dry be- 
fore placing patching mortar or concrete. 


Latex Bonding Agent, Type II: Mix with Portland cement and scrub into concrete surface 
according to manufacturer's written instructions. Place patching mortar or concrete while 
bonding agent is still wet. If bonding agent dries, recoat before placing patching mortar or 
concrete. 


Mortar Scrub Coat for Job-Mixed Patching Mortar and Concrete: Dampen repair area and 
surrounding concrete 150 mm beyond repair area. Remove standing water and apply scrub 
coat with a brush, scrubbing it into surface and thoroughly coating repair area. If scrub coat 
dries, recoat before placing patching mortar or concrete. 


Slurry Coat for cementitious Patching Mortar: Wet substrate thoroughly and then remove 
standing water. Scrub a slurry of neat patching mortar mixed with latex bonding agent into 
substrate, filling pores and voids. 


INSTALLATION OF PATCHING MORTAR 


Placing Patching Mortar: Place as follows unless otherwise recommended in writing by 
manufacturer: 


1. Provide forms where necessary to confine patch to required shape. 
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3.7 


3.8 


2. Wet substrate and forms thoroughly and then remove standing water. 

Pretreatment: Apply specified agent or coat. 

General Placement: Place patching mortar by troweling toward edges of patch to force inti- 
mate contact with edge surfaces. For large patches, fill edges first and then work toward 
center, always troweling toward edges of patch. At fully exposed reinforcing bars, force 


patching mortar to fill space behind bars by compacting with trowel from sides of bars. 


Vertical Patching: Place material in lifts of not more than 25 mm nor less than 6 mm. Do not 
feather edge. 


Overhead Patching: Place material in lifts of not more than 25 mm nor less than 6 mm. Do 
not feather edge. 


Consolidation: After each lift is placed, consolidate material and screed surface. 


Multiple Lifts: Where multiple lifts are used, score surface of lifts to provide a rough surface 
for placing subsequent lifts. Allow each lift to reach final set before placing subsequent lifts. 


Finishing: Allow surfaces of lifts that are to remain exposed to become firm and then finish 
toa surface matching adjacent concrete. 


Curing: Wet-cure cementitious patching materials, including polymer-modified cementi- 
tious patching materials, for not less than seven days by water-fog spray or water-saturated 
absorptive cover. 


INSTALLATION OF DRY-PACK-MORTAR 


Dry-Pack Mortar: Use for deep cavities and where indicated. Place as follows unless other- 
wise recommended in writing by manufacturer: 


1. Provide forms where necessary to confine patch to required shape. 
2. Wet substrate and forms thoroughly and then remove standing water. 


Pretreatment: Apply specified agent or coat. 

Place dry-pack mortar into cavity by hand and compact tightly into place. Do not place more 
material at a time than can be properly compacted. Continue placing and compacting until 
patch is approximately level with surrounding surface. 

After cavity is filled and patch is compacted, trowel surface to match profile and finish of 
surrounding concrete. A thin coat of patching mortar may be troweled into the surface of 
patch to help obtain required finish. 

Wet-cure patch for not less than seven days by water-fog spray or water-saturated absorp- 
tive cover. 


CONCRETE PLACEMENT 


Place concrete according to Section 033000 "Cast-in-Place Concrete" and as follows: 
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B. Pretreatment: Apply epoxy-modified, cementitious bonding and anticorrosion agent, epoxy 
bonding agent to reinforcement and concrete substrate as required. 


C. Pretreatment: Apply latex bonding agent or Type I latex bonding agent or mortar scrub coat 
to concrete substrate as required. 


D. Standard Placement: 
1. Use vibrators to consolidate concrete as it is placed. 


2. At unformed surfaces, screed concrete to produce a surface that when finished with 
patching mortar will match required profile and surrounding concrete. 


E. Form-and-Pump Placement: Place concrete where indicated by form and pump method. 
1. Design and construct forms to resist pumping pressure in addition to weight of wet 
concrete. Seal joints and seams in forms and where forms abut existing concrete. 
2: Pump concrete into place from bottom to top, releasing air from forms as concrete is 


introduced. When formed space is full, close air vents and pressurize to 96 kPa. 


F. Wet-cure concrete for not less than seven days by leaving forms in place or keeping surfaces 
continuously wet by water-fog spray or water-saturated absorptive cover. 


G. Fill placement cavities with dry-pack mortar and repair voids with patching mortar. Finish 
to match surrounding concrete. 
3.9 GROUTING PREPLACED AGGREGATE CONCRETE 
A. Use grouted preplaced aggregate concrete where indicated. Place as follows: 


B. Design and construct forms to resist pumping pressure in addition to weight of wet grout. 
Seal joints and seams in forms and where forms abut existing concrete. 


C. Apply epoxy-modified cementitious bonding and anticorrosion agent or epoxy bonding 
agent] to reinforcement and concrete substrate as required. 


D. Place aggregate in forms, consolidating aggregate in lifts as it is placed. Pack aggregate into 
upper areas of forms to achieve intimate contact with concrete surfaces. 


E. Fill forms with water to thoroughly dampen aggregate and substrates. Drain water from 
forms before placing grout. 


F. Pump grout into place at bottom of preplaced aggregate, forcing grout upward. Release air 
from forms at top as grout is introduced. When formed space is full and grout flows from air 


vents, close vents and pressurize to 96 Kpa. 


G.  Wet-cure concrete for not less than seven days by leaving forms in place or keeping surfaces 
continuously wet by water-fog spray or water-saturated absorptive cover. 


H. Repair voids with patching mortar and finish to match surrounding concrete. 
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3.10 FLOOR-JOINT REPAIR 

A. Cut out deteriorated concrete and reconstruct sides of joint with patching mortar as indicated 
on Drawings. Install joint filler in nonmoving floor joints where indicated and as specified 
in this article: 

B. Depth: Install joint filler to a depth of at least 25 mm. Use fine silica sand no more than 6 
mm deep to close base of joint. Do not use sealant backer rods or compressible fillers below 
joint filler. 

C. Top Surface: Install joint filler so that when cured, it is flush at top surface of adjacent con- 
crete. If necessary, overfill joint and remove excess when filler has cured. 

3.11 EPOXY CRACK INJECTION 

A. Clean cracks with oil-free compressed air or low-pressure water to remove loose particles. 

B. Clean areas to receive capping adhesive of oil, dirt, and other substances that would inter- 
fere with bond, and clean cracks with oil-free compressed air or low-pressure water to re- 
move loose particles. 

C. Place injection ports as recommended by epoxy manufacturer, spacing no farther apart than 
thickness of member being injected. Seal injection ports in place with capping adhesive. 

D. Seal cracks at exposed surfaces with a ribbon of capping adhesive at least 6 mm thick by 25 
mm wider than crack. 

E. Inject cracks wider than 0.075 mm to a depth of 200 mm. 

F. Inject epoxy adhesive, beginning at widest part of crack and working toward narrower parts. 
Inject adhesive into ports to refusal, capping adjacent ports when they extrude epoxy. Cap 
injected ports and inject through adjacent ports until crack is filled. 

G. After epoxy adhesive has set, remove injection ports and grind surfaces smooth. 

3312, APPLICATION OF CORROSION INHIBITING-TREATMENT 

A. Apply corrosion-inhibiting treatment to surfaces indicated on Drawings. 

B. Apply by brush, roller, or airless spray in two coats at manufacturer's recommended applica- 
tion rate. Remove film of excess treatment by high-pressure washing before patching treated 
concrete or applying a sealer or overlay. 

Ç: Apply to the following: As indicated on the drawings. 

3.13 APPLICATION OF POLYMER OVERLAY 

A. Apply polymer overlay according to ACI 503.3. 

B. Apply to traffic-bearing surfaces, including parking areas and walks. 
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3.14 APPLICATION OF POLYMER SEALER 


A. Apply by brush, roller, or airless spray at manufacturer's recommended application rate. 


B. Apply to traffic-bearing surfaces, including parking areas and walks. 


3.15 INSTALLATION OF COMPOSITE STRUCTURAL REINFORCEMENT 


A. Fiber Tow Sheet and Saturant: Unless otherwise recommended by manufacturer, install as 
follows: 


1. 


Apply epoxy primer using brush or short nap roller to prepared concrete surfaces in 
areas where composite structural reinforcement will be applied. 


2. After primer has set, patch surface defects with epoxy filler and allow to set before 
beginning reinforcement application. 

3. Apply epoxy saturant to fiber tow sheet or primed and patched surface using roller. 
Apply fiber tow sheet to primed and patched surface while saturant is still wet, using 
pressure roller to remove air pockets. Remove paper backing from fiber tow sheet and 
apply additional epoxy to fully saturate tow sheet. 

4. Apply additional layers using same procedure, fully saturating each layer with epoxy. 

5: After saturant has cured, apply protective topcoat by brush or roller or spray as fit for 
the application. 

B. Preimpregnated Fiber Sheet: Unless otherwise recommended by manufacturer, install as fol- 
lows: 

1. Patch surface defects with epoxy mortar and allow to set before beginning reinforce- 
ment application. 

2: Apply epoxy adhesive to a thickness of 1.6 mm to prepared concrete surfaces. 

3. Clean fiber sheet with acetone or other suitable solvent, and apply epoxy adhesive to 
a thickness of 1.6 mm. 

4. Apply adhesive-coated fiber sheet to adhesive-coated concrete and roll with a hard 
rubber roller until fiber sheet is fully embedded in adhesive, air pockets are removed, 
and adhesive is forced out from beneath fiber sheet at edges. 

5. Apply additional layers using same procedure. 


3.16 FIELD QUALITY CONTROL 


A. Testing Agency: Engage a qualified testing agency to perform tests and inspections. 


B. Perform the following tests and inspections: 


1. 


Packaged, cementitious Patching Mortar: Three randomly selected sets of samples for 
each type of mortar required, tested according to ASTM C 928. 


2. Job-Mixed Patching Mortar: Three randomly selected sets of samples for each type of 
mortar required, tested for compressive strength according to ASTM C 109/C 109M. 

3. Concrete: As specified in Section 033000 "Cast-in-Place Concrete”. 

4. Grout for Preplaced Aggregate: Tested for compressive strength of grout according to 
ASTM C 942. 
a. Testing Frequency: One sample for each 19 cu. m of grout or fraction thereof, 

but not less than one sample for each day's work. 
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5. Joint Filler: Core-drilled samples to verify proper installation. 


a. Testing Frequency: One sample for each 30 m of joint filled. 
b. Where samples are taken, refill holes with joint filler. 


6. Epoxy Crack Injection: Core-drilled samples to verify proper installation. 
a. Testing Frequency: 3 samples from mockup and 1 sample for each 30 m of 
crack injected. 
b. Where samples are taken, refill holes with epoxy mortar. 

C. Product will be considered defective if it does not pass tests and inspections. 

D. Prepare test and inspection reports. 

E. Manufacturers Field Service: Engage manufacturers’ factory-authorized service representa- 
tives for consultation and Project-site inspection and to provide on-site assistance when re- 
quested by Engineer. 

1. Have manufacturers' factory-authorized service representatives perform the following 


number of Project-site inspections to observe progress and quality of the Work, dis- 
tributed over the period of product installation, regardless of on-site assistance re- 


quested by Engineer: 

a. Bonding-Agent and Packaged Patching-Mortar Installation: Three inspections. 
b. Joint-Filler Installation: Two inspections. 

c. Crack-Injection-Adhesive Preparation and Installation: Four inspections. 

d. Corrosion-Inhibiting Treatment: Two inspections. 

e. Polymer Overlay: Two inspections. 

f. Polymer Sealer: Two inspections. 

g. Composite-Structural-Reinforcement: Three inspections. 


END OF SECTION 030130 
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SECTION 032000 - CONCRETE REINFORCING 
PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 
A. Drawings and general provisions of the Contract, including General and Supplementary 


Conditions and Division 01 Specification Sections, apply to this Section. 


1.2 SUMMARY 


A. Section Includes: 
1. Steel reinforcement bars. 
2. Welded-wire reinforcement. 


1.3 PREINSTALLATION MEETINGS 


A. _ Preinstallation Conference: Conduct conference at Project site to comply with requirements 
in Section 013100 "Project Management and Coordination". 


1. Review the following: 


a. Special inspection and testing and inspecting agency procedures for field 
quality control. 
Construction contraction and isolation joints. 

Cc. Steel-reinforcement installation. 


1.4 ACTION SUBMITTALS 
A. Product Data: For the following: 


Each type of steel reinforcement. 
Epoxy repair coating. 

Zinc repair material. 

Bar supports. 

Mechanical splice couplers. 
Insulated connection system. 


Re NS 


B. Sustainable Design Submittals: 


1. Product Data for Credit “Building Product Disclosure and Optimization - 
Environmental Product Declarations”: Provide MR building product disclosure and 
optimization calculator or equivalent tracking tool. For permanent materials targeting 
Environmental Product Declaration option, use at least 20 different permanently 
installed products sourced from at least five different manufacturers that meet one of 
the disclosure criteria and provide documentation of compliance with one of the 
LEED v4 BD+C disclosure criteria including EPD and LCA reports or compliant 
summary documents for 100% of products contributing toward credit achievement. 
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For permanent materials targeting Multi-Attribute Optimization option, use products 
that comply with one of the compliance criteria for 50%, by cost, of the total value of 
permanently installed products in the project and provide documentation of 
compliance with one of the LEED v4 BD+C criteria. 

2. Product Data for Credit “Building Product Disclosure and Optimization — Sourcing of 
Raw Materials”: Provide MR building product disclosure and optimization calculator 
or equivalent tracking tool. For products installed targeting Raw Material Source and 
Extraction Reporting option, use at least 20 different permanently installed products 
from at least five different manufacturers and provide corporate sustainability reports 
compliant with at least one of the LEED v4 BD+C acceptable CSR frameworks for 
100% of products contributing toward credit achievement. For permanent materials 
installed and targeting Leadership Extraction Practices option, use products that meet 
at least one of the responsible extraction criteria for at least 25%, by cost, of the total 
value of permanently installed building products in the project and provide 
documentation of compliance with at least one of the LEED v4 BD+C responsible 
extraction criteria. 

3. Product Data for Credit “Building Product Disclosure and Optimization — Material 
Ingredients”; Provide MR building product disclosure and optimization calculator or 
equivalent tracking tool. For products installed targeting Material Ingredient 
Reporting option, use at least 20 different permanently installed products from at least 
five different manufacturers that use the approved programs of LEED v4 BD+C to 
demonstrate the chemical inventory of the product to at least 0.1% (1000ppm). For 
products installed targeting Material Ingredient Optimization option, use products 
that document their material ingredient optimization for at least 25%, by cost, of the 
total value of permanently installed products in the project and provide verification of 
ingredient optimization through one of the LEED v4 BD+C paths. For permanently 
installed products targeting Supply Chain Optimization option, use building products 
for at least 25%, by cost, of the total value of permanently installed products in the 
project that comply with required criteria and provide documentation of supply chain 
optimization. 

4. Product Data for Credit “Building Product Disclosure and Optimization - 
Environmental Product Declarations”: Provide MR building product disclosure and 
optimization calculator or equivalent tracking tool. For permanent materials targeting 
Environmental Product Declaration option, use at least 20 different permanently 
installed products sourced from at least five different manufacturers that meet one of 
the disclosure criteria and provide documentation of compliance with one of the 
LEED v4.1 BD+C disclosure criteria including EPD and LCA reports or compliant 
summary documents for 100% of products contributing toward credit achievement. 
For permanent materials targeting Multi-Attribute Optimization option, use products 
that comply with one of the compliance criteria for 10%, by cost, of the total value of 
permanently installed products in the project or use at least 10 permanently installed 
products sourced from at least three different manufacturers and provide 
documentation of compliance with one of the LEED v4.1 BD+C criteria. 

5: Product Data for Credit “Building Product Disclosure and Optimization — Sourcing of 
Raw Materials”: Provide MR building product disclosure and optimization calculator 
or equivalent tracking tool. For permanent materials installed and targeting 
Responsible Sourcing of Raw Materials option, use products sourced from at least 
three different manufacturers that meet at least one of the responsible sourcing and 
extraction criteria for at least 20%, by cost, of the total value of permanently installed 
building products in the project for 1 point or use products sourced from at least five 
different manufacturers that meet at least one of the responsible sourcing and 
extraction criteria for at least 40%, by cost, of the total value of permanently installed 
building products in the project for 2 points and provide documentation of 
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compliance with at least one of the LEED v4.1 BD+C Responsible Sourcing of Raw 
Materials criteria. 

6. Product Data for Credit “Building Product Disclosure and Optimization — Material 
Ingredients”; Provide MR building product disclosure and optimization calculator or 
equivalent tracking tool. For products installed targeting Material Ingredient 
Reporting option, use at least 20 different permanently installed products from at least 
five different manufacturers that use the approved programs of LEED v4.1 BD+C to 
demonstrate the chemical inventory of the product to at least 0.1% (1000ppm). For 
products installed targeting Material Ingredient Optimization option, use permanently 
installed products from at least three different manufacturers that document their 
material ingredient optimization; choose either 10 compliant products, or select 
products that constitute for at least 10%, by cost, of the total value of permanently 
installed products in the project and provide verification of ingredient optimization 
through one of the LEED v4.1 BD+C compliance paths. 


C. Shop Drawings: Comply with ACI SP-066: 


1. Include placing drawings that detail fabrication, bending, and placement. 
Include bar sizes, lengths, materials, grades, bar schedules, stirrup spacing, bent bar 
diagrams, bar arrangement, location of splices, lengths of lap splices, details of 
mechanical splice couplers, details of welding splices, tie spacing, hoop spacing, and 
supports for concrete reinforcement. 

33 Include special reinforcement required around openings through concrete structures. 


D. Construction Joint Layout: Indicate proposed construction joints required to build the 
structure. 


1. Location of construction joints is subject to approval of the Engineer. 


1.5 INFORMATIONAL SUBMITTALS 


A. Qualification Statements: For firms and persons specified in "Quality Assurance" Article to 
demonstrate their capabilities and experience. Include lists of completed projects with 
project names and addresses, names and addresses of Engineers and employers, and any 
other information required by Engineer. 


B. Delegated Design Engineer Qualifications: Include the following: 
1. Experience providing delegated design engineering services of the type indicated. 
2. Documentation that delegated design engineer is licensed in the Country/State in 
which Project is located. 


C. Welding certificates. 


1. Reinforcement To Be Welded: Welding procedures and personnel specification in 
accordance with AWS D1.4/D1.4M. 


D. Material Certificates: For each of the following, signed by manufacturers certifying that 
each of the following items complies with requirements: 


1. Steel reinforcement and reinforcement accessories. 
2; Fiber reinforcement. 
3. Epoxy-Coated Reinforcement: CRSI's "Epoxy Coating Plant Certification." 
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1.6 


1.7 


4. Dual-Coated Reinforcement: CRSI's "Epoxy Coating Plant Certification." 
Material Test Reports: For the following, from a qualified testing agency: 
1. Steel Reinforcement: 
a. For reinforcement to be welded, mill test analysis for chemical composition 
and carbon equivalent of the steel in accordance with ASTM A706/A706M and 
ACI 318 Chapter 20, or with BS 4449 standard. 
2. Mechanical splice couplers. 


Field quality-control reports. 


Minutes of preinstallation conference. 


QUALITY ASSURANCE 


Testing Agency Qualifications: An independent agency, acceptable to the Engineer and to 
authorities having jurisdiction, qualified in accordance with ASTM C1077 and ASTM E329 
for testing indicated. 


Welding Qualifications: Qualify procedures and personnel in accordance with 
AWS D1.4/D 1.4M. 


Mockups: as directed by the Engineer, and where found needed due to congestion of 
reinforcement bars in a section, reinforcing mockup for cast-concrete formed surfaces, to 
demonstrate tolerances and standard of workmanship. 


1. Build the congested zone in a way to reflect the real case/behavior of the doubted 
zone, as directed by the Engineer. 

2; Notify Engineer seven days in advance of dates and times when mockups will be 
constructed. 

3. Obtain Engineer's approval of mockups before starting cast-in-place concrete 
elements exposed to view. 

4. Subject to compliance with requirements, approved mockups may become part of the 


completed Work if undisturbed at time of Substantial Completion. 


DELIVERY, STORAGE, AND HANDLING 


Steel Reinforcement: Deliver, store, and handle steel reinforcement to prevent bending and 
damage and to avoid damaging coatings on steel reinforcement. 


1. Bars shall be bundled, separated in sizes and clearly marked by diameter size 
preferably for one placement, in accordance with the placement schedule and as 
follows: 


a. Bars for separate buildings or large structures shall not be bundled together. 
Bars for small structures may be bundled together but each bar or group of bars 
that have the same piece mark shall be tagged and coded. 

b. Metal tags or approved equal shall be provided and labeled with legible 
markings. 
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c. All bundles shall be tagged at each end. Tags shall show piece marks 
corresponding to the mark numbers on the placement drawings and on the bar 
list. 

d. Bars shall be bundled in the largest size practical for handling and shipping. 


2. Store reinforcement to avoid contact with earth. Reinforcement shall be stored 1m 
above ground on platforms, skids or other approved supports and suitably spaced. 
Proper drainage and protection from the elements shall be provided to minimize 
corrosion. 

3: Do not allow epoxy-coated reinforcement to be stored outdoors for more than 60 days 
without being stored under an opaque covering. 

4. Do not allow dual-coated reinforcement to be stored outdoors for more than 60 days 
without being stored under an opaque covering. 

5: Do not allow stainless steel reinforcement to come into contact with uncoated 
reinforcement. 


PART 2 - PRODUCTS 


2.1 GENERAL, MATERIALS 
A. ACI Publications: Comply with the following, unless more stringent provisions are 
indicated: 
1. ACI 301, "Specification for Concrete Construction". 
2. ACI 117, "Specifications for Tolerances for Concrete Construction and Materials”. 
2.2 STEEL REINFORCEMENT 
A. Reinforcing Bars shall conform to one of the following: 
1. ASTM A 615/A615 M and ACI 318 chapter 21, Grade 60 with minimum yield 
strength of 500 MPa and maximum Carbon Content of 0.3%, deformed. 
Di ASTM A 706/A706 M, Grade 60, deformed, with minimum yield strength of 500 
MPa. 
3. BS 4449 Grade B500C deformed. 
B. Steel Bar Mats: ASTM A184/A 184M, assembled with clips, fabricated from reinforcing 
bars conforming to one of the following: 
1. ASTM A 615/A615 M and ACI 318 chapter 21 with minimum yield strength of 
500MPa and maximum Carbon Content of 0.3%, deformed. 
2: ASTM A 706/A706 M, Grade 60, deformed with minimum yield strength of 500 
MPa. 
3. BS 4449 Grade B500B, deformed. 
C. Plain-Steel Wire: ASTM A82/A 82M, as drawn. 
D.  Deformed-Steel Wire: ASTM A496/A 496M. 
E. Epoxy-Coated Wire: ASTM A 884/A 884M, Class A, type 1 coated, as-drawn, deformed 
steel wire, with less than 2 percent damaged coating in 300mm wire length. 
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2.3 


2.4 


F. 


G. 


A. 


B. 


Ç: 


A. 


Plain-Steel Welded Wire Reinforcement: ASTM A 185/A 185M, plain, fabricated from as- 
drawn steel wire into flat sheets. 


Deformed-Steel Welded Wire Reinforcement: ASTM A 497/A 497M, flat sheet. 


REINFORCEMENT ACCESSORIES 


Joint Dowel Bars: Plain-steel bars, ASTM A615/A 615M, Grade 60. Cut bars true to 
length with ends square and free of burrs. 


Bar Supports: Bolsters, chairs, spacers, and other devices for spacing, supporting, and 
fastening reinforcing bars and welded wire fabric in place. Manufacture bar supports 
according to CRSI's "Manual of Standard Practice" from steel wire, plastic, or precast 
concrete or fiber-reinforced concrete of greater compressive strength than concrete, and as 
follows: 


1. For concrete surfaces exposed to view where legs of wire bar supports contact forms, 
use CRSI Class 1 plastic-protected or CRSI Class 2 stainless-steel bar supports. 

2; For epoxy-coated reinforcement, use epoxy-coated or other dielectric-polymer-coated 
wire bar supports. 

3. For zinc-coated reinforcement, use galvanized wire or dielectric-polymer-coated wire 


bar supports. 


Mechanical Splices (Couplers): Mechanical splices for deformed high yield steel bars are to 
consist of two seamless steel sleeves and interconnecting high tensile steel stud with plastic 
protection caps for threaded section of sleeve. Couplers shall be isometric parallel-threaded 
type with no reduction of cross section area of the bar. The resulting connection shall not 
reduce the ductility of the parent bar and should be able to develop the full tensile capacity 
of the parent bar. Heating of the reinforcement bars is prohibited. Only manufacturers that 
hold a valid CARES and ISO 9001 certification from an agency that is specialized on 
reinforcement materials shall be considered as suppliers, full trace ability is required. 
Couplers to be tested and the test to exceed 135% min. of the specified yield strength of 
steel rebars. 


FABRICATING REINFORCEMENT 


Fabricate steel reinforcement according to CRSI's "Manual of Standard Practice." 


PART 3 - EXECUTION 


3.1 


A. 


B. 


PREPARATION 
Protection of In-Place Conditions: 


1. Do not cut or puncture vapor retarder/barrier and waterproofing membrane during 
reinforcement placement and concreting operations. 

2. Repair damage and reseal vapor retarder and waterproofing membrane before placing 
concrete. 


Clean reinforcement of loose rust and mill scale, earth, ice, and other foreign materials that 
reduce bond to concrete. 
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3.2 INSTALLATION OF STEEL REINFORCEMENT 


A. Comply with CRSI's "Manual of Standard Practice" for placing and supporting 


reinforcement. 
B. Accurately position, support, and secure reinforcement against displacement. 

1. Ensure stability of cages during transport, lifting and installation. 
Locate and support reinforcement with bar supports to maintain minimum concrete 
cover. 

3. Do not tack weld crossing reinforcing bars. 

4. Where cathodic protection is utilized, reinforcement shall be isolated from the 
electrical grounding system. 

5. Chairs made of reinforcement shall be used to support the top mats of slab 


reinforcement and they shall be so dimensioned as to be stable during concreting 
operations. The chairs shall themselves be supported on concrete blocks as specified 
above. 


C. Preserve clearance between bars of not less than 25 mm, not less than one bar diameter, or 
not less than 1-1/3 times size of large aggregate, whichever is greater. 


D. Provide concrete coverage in accordance with the drawings 
E. Cover to reinforcement shall be checked before any concrete is cast. The bending of 
reinforcement at a cold joint is not permitted. Concrete cover shall be checked with a cover 
meter at doubted areas and when requested by the Engineer. 
F. Set wire ties with ends directed into concrete, not toward exposed concrete surfaces. 
G.  Splices: Lap splices as per ACI 318 unless otherwise indicated on Drawings. 
1. Mechanical Splice Couplers: Install in accordance with manufacturer's instructions. 
a. Type 1: The mechanical splices shall not be located within a distance equal to 
twice the member depth from column or beam face for special moment 


resisting frames or from critical section where yielding of reinforcement 
beyond the linear range of behavior. 


b. Type 2: Mechanical splice shall be permitted at any location, except for beam 
reinforcement, it shall be located not closer than half of beam depth from the 
joint face. 

c. Adjacent bars in tension tie members that are spliced using mechanical 


couplers shall be staggered at least 800mm. 


2: Weld reinforcing bars in accordance with AWS D1.4/D 1.4M, where indicated on 
Drawings. 


a. Adjacent bars in tension tie members that are weld spliced shall be staggered at 
least 800mm. 


H. Install welded-wire reinforcement in longest practicable lengths on bar supports spaced to 
minimize sagging, in accordance with CRSI "Manual of Standard Practice". 


1. For reinforcement less than W4.0 or D4.0, continuous support spacing not to exceed 
300 mm. 
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3.3 


3.4 


3.5 


2. Lap edges and ends of adjoining sheets at least one wire spacing plus 50 mm for plain 
wire and plus 200 mm for deformed wire, unless otherwise shown on drawings. 

3. Offset laps of adjoining sheet widths to prevent continuous laps in either direction. 

4. Lace overlaps with wire. 


Epoxy-Coated Reinforcement: Use epoxy-coated steel wire ties to fasten epoxy-coated 
reinforcement. Repair cut and damaged epoxy coatings with epoxy repair coating in 
accordance with ASTM D3963/D3963M. 


Dual-Coated Reinforcement: Use epoxy-coated steel wire ties to fasten Dual-coated 
reinforcement. Repair cut and damaged epoxy coatings with epoxy repair coating in 
accordance with ASTM D3963/D3963M. 


Zinc-Coated Reinforcement: Use galvanized steel wire ties to fasten zinc-coated 
reinforcement. Repair cut and damaged zinc coatings with zinc repair material in 
accordance with ASTM A780/A780M. 

Steel reinforcement bars should ensure the electrical continuity of the steel reinforcement 
bars within the entire building, with an overall resistance not exceeding 0.2 Ohm. 


JOINTS 


Construction Joints: Install so strength and appearance of concrete are not impaired, at 
locations indicated or as approved by the Engineer. 


1. Place joints perpendicular to main reinforcement. 
2. Continue reinforcement across construction joints unless otherwise indicated. 
3. Do not continue reinforcement through sides of strip placements of floors and slabs. 


Doweled Joints: Install dowel bars and support assemblies at joints where indicated. 
Lubricate or asphalt coat one-half of dowel length, to prevent concrete bonding to one side 
of joint. 


INSTALLATION TOLERANCES 


Comply with ACI 117 (ACI 117M). 


FIELD QUALITY CONTROL 


Testing Agency: Engage a qualified testing and inspecting agency to perform tests and 
inspections and to submit reports. 


Inspections: 


1. Steel-reinforcement placement. 
Steel-reinforcement mechanical splice couplers, in accordance with manufacturer’s 
written acceptance criteria for field inspection. 

3. Steel-reinforcement welding. 


END OF SECTION 032000 
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SECTION 033000 - CAST-IN-PLACE CONCRETE 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 
A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 
1.2 SUMMARY 
A. Section Includes: 
1. Cast-in-place concrete, including concrete materials, mixture design, placement 
procedures, and finishes. 
B. Related Requirements: 
1. Section 033050 "Massive Cast-In-Place Concrete” 
2. Section 316329 “Drilled Concrete Piles” 
1.3 DEFINITIONS 
A. Cementitious Materials: Portland cement alone or in combination with one or more of the 
following: fly ash and ground granulated blast furnace slag or silica fume; materials subject 
to compliance with requirements. 
B. Water/Cement Ratio (w/cm): The ratio by weight of water to cementitious materials. 
1.4 PREINSTALLATION MEETINGS 
A. _ Preinstallation Conference: Conduct conference at Project site to comply with requirements 
in Section 013100 "Project Management and Coordination". 
1. Require representatives of each entity directly concerned with cast-in-place concrete 
to attend, including the following: 
a. Contractor's superintendent. 
b. Ready-mix concrete manufacturer. 
c. Concrete Subcontractor. 
d. Special concrete finish Subcontractor. 
2; Review the following: 
a. Special inspection and testing and inspecting agency procedures for field 
quality control. 
Construction joints, control joints, isolation joints, and joint-filler strips. 
c. Semirigid joint fillers. 
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Vapor-retarder installation. 

Anchor rod and anchorage device installation tolerances. 

Cold and hot weather concreting procedures. 

Concrete finishes and finishing. 

Curing procedures. 

Forms and form-removal limitations. 

Shoring and reshoring procedures. 

Methods for achieving specified floor and slab flatness and levelness. 
Floor and slab flatness and levelness measurements. 

Concrete repair procedures. 

Concrete protection. 

Initial curing and field curing of field test cylinders (ASTM C31/C31M.) 
Protection of field cured field test cylinders. 


ROB ROARS ro oo | 


1.5 ACTION SUBMITTALS 
A. Product Data: For each of the following. 


Portland cement. 

Fly ash. 

Ground Granulated Blast Furnace Slag. 
Silica Fume 

Aggregates. 

Admixtures. 


Grio a 


a. Include limitations of use, including restrictions on cementitious materials, 
supplementary cementitious materials, air entrainment, aggregates, temperature 
at time of concrete placement, relative humidity at time of concrete placement, 
curing conditions, and use of other admixtures. 

b. For the Corrosion Inhibiting (CI) admixtures, the Contractor/product 
manufacture shall provide the following information/test records, for the 
product approval: 


1) Technical data sheet to check compliance with the requirements of 
ASTM C1582. 

2) The material shall be proven effective when tested in accordance to 
ASTM G109 for a testing period not less than 3 years 

3) Test results in accordance to ASTM G180 to check the effectiveness of 
the product 

4) Test records to prove the product effectiveness in modified cracked 
beam testing 

5) Performance records with an established successful international and 
regional track-record for a period in excess of 20 years. 

6) The admixture shall contain non-flammable corrosion inhibiting 
admixture 

7) The admixture shall be certified for potable water applications by 
Underwriters Laboratories as per requirements of NSF/ANSI 61. 

8) The product shall protect both anodic and cathodic components of the 
corrosion cell. 


7. Color pigments. 


8. Fiber reinforcement. 
9. Vapor retarders. 
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10. Floor and slab treatments. 
11. Liquid floor treatments. 
12. Curing materials. 


a. Include documentation from color pigment manufacturer, indicating that 
proposed methods of curing are recommended by color pigment manufacturer. 


13. Joint fillers. 
14. Repair materials. 


B. Sustainable Design Submittals (LEED): 


1. Product Data for Credit “Building Product Disclosure and Optimization - 
Environmental Product Declarations”: Provide MR building product disclosure and 
optimization calculator or equivalent tracking tool. For permanent materials targeting 
Environmental Product Declaration option, use at least 20 different permanently 
installed products sourced from at least five different manufacturers that meet one of 
the disclosure criteria and provide documentation of compliance with one of the 
LEED v4 BD+C disclosure criteria including EPD and LCA reports or compliant 
summary documents for 100% of products contributing toward credit achievement. 
For permanent materials targeting Multi-Attribute Optimization option, use products 
that comply with one of the compliance criteria for 50%, by cost, of the total value of 
permanently installed products in the project and provide documentation of 
compliance with one of the LEED v4 BD+C criteria. 

2: Product Data for Credit “Building Product Disclosure and Optimization — Sourcing of 
Raw Materials”: Provide MR building product disclosure and optimization calculator 
or equivalent tracking tool. For products installed targeting Raw Material Source and 
Extraction Reporting option, use at least 20 different permanently installed products 
from at least five different manufacturers and provide corporate sustainability reports 
compliant with at least one of the LEED v4 BD+C acceptable CSR frameworks for 
100% of products contributing toward credit achievement. For permanent materials 
installed and targeting Leadership Extraction Practices option, use products that meet 
at least one of the responsible extraction criteria for at least 25%, by cost, of the total 
value of permanently installed building products in the project and provide 
documentation of compliance with at least one of the LEED v4 BD+C responsible 
extraction criteria. 

3. Product Data for Credit “Building Product Disclosure and Optimization — Material 
Ingredients”; Provide MR building product disclosure and optimization calculator or 
equivalent tracking tool. For products installed targeting Material Ingredient 
Reporting option, use at least 20 different permanently installed products from at least 
five different manufacturers that use the approved programs of LEED v4 BD+C to 
demonstrate the chemical inventory of the product to at least 0.1% (1000ppm). For 
products installed targeting Material Ingredient Optimization option, use products 
that document their material ingredient optimization for at least 25%, by cost, of the 
total value of permanently installed products in the project and provide verification of 
ingredient optimization through one of the LEED v4 BD+C paths. For permanently 
installed products targeting Supply Chain Optimization option, use building products 
for at least 25%, by cost, of the total value of permanently installed products in the 
project that comply with required criteria and provide documentation of supply chain 
optimization. 

4. Whole building life-cycle assessment for Credit “Building Life-Cycle Impact 
Reduction”: Conduct a life-cycle assessment of the project’s structure and enclosure 
that demonstrates a minimum of 10% reduction, compared with a baseline building, 
in at least three of the six impact categories listed below, one of which must be global 
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warming potential. No impact category assessed as part of the life-cycle assessment 
may increase by more than 5% compared with the baseline building. For example, for 
each concrete mixture containing fly ash as a replacement for Portland cement or 
other Portland cement replacements and for equivalent concrete mixtures that do not 
contain Portland cement replacement provide description of LCA assumptions, scope, 
and analysis process for baseline building and proposed building and provide Life- 
cycle impact assessment summary showing outputs of proposed building with 
percentage change from baseline building for all impact indicators, as applicable. 
Impact categories are: 


a. Global warming potential (greenhouse gases), in kg CO2e; 
b. Depletion of the stratospheric ozone layer, in kg CFC-11; 
Cc. Acidification of land and water sources, in moles H+ or kg SO2; 
d. Eutrophication, in kg nitrogen or kg phosphate; 
e. Formation of tropospheric ozone, in kg NOx, kg O3 eq, or kg ethene; and 
f. Depletion of nonrenewable energy resources, in MJ 
C. Design Mixtures: For each concrete mixture, include the following: 

1. Mixture identification. 

2: Minimum 28-day compressive strength. 

3. Environmental exposure class. 

4. Cementitious Combination/Additives. 

J: Minimum cementitious content. 

6. Maximum water/cementitious ratio. 

7. Calculated equilibrium unit weight, for lightweight concrete. 

8. Slump Measurements/Range. 

9. Unit weight and Air content. 

10. Permeability tests. 

11. Nominal maximum aggregate size. 

12.  Steel-fiber reinforcement content. 

13. Synthetic micro-fiber content. 

14. Indicate amounts of mixing water to be withheld for later addition at Project site if 
permitted. 

15. Include manufacturer's certification that the admixture/s is compatible with mix 
design. 

16. Include certification that dosage rate for admixture/s matches dosage rate used in 
performance compliance test. 

17. Intended placement method. 

18. Submit alternate design mixtures when characteristics of materials, Project 


conditions, weather, test results, or other circumstances warrant adjustments. 


D. Shop Drawings: 


1. Construction Joint Layout: Indicate proposed construction joints required to construct 
the structure. 
a. Location of construction joints is subject to approval of the Engineer. 
E. Corrosion Inhibiting Admixtures: 
1. Concrete trial mixes shall be carried out, at the approved independent testing agency, 
with and without the addition of CI admixtures to confirm that the addition of CI 
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admixtures has no adverse effect on concrete performance properties with regard to 
strength, workability and durability, to the approval of the Engineer. 

2. The Contractor must submit a certificate of supply for each and every concrete pour 
with corrosion inhibitor and must mention the following: 


a. Project Details (Name, Location, Contractor, etc...). 
b. Quantities supplied by supplier to the ready mix company with dates and 
location of deliveries. 


Ç: Batch number’s and expiry dates of the material. 
d. Company Stamp and it’s authorized representative signature. 
F. Samples: For manufacturer's standard colors for color pigment, vapor retarder, and 
waterstops. 
G. Concrete Schedule: For each location of each Class of concrete indicated in "Concrete 


Mixtures" Article, including the following: 


Concrete Class designation. 

Location within Project. 

Exposure Class designation. 

Formed Surface Finish designation and final finish. 
Final finish for floors. 

Curing process. 

Floor treatment if any. 


SEO tn 


1.6 INFORMATIONAL SUBMITTALS 


A. Qualification Data: For firms and persons specified in "Quality Assurance" Article to 
demonstrate their capabilities and experience. Include lists of completed projects with 
project names and addresses, names and addresses of engineers and employers, and any 
other information required by Engineer.: 


B. Material Certificates: For each of the following, signed by manufacturers: 
1. Cement/Cementitious materials. 
2; Admixtures. 
3. Fiber reinforcement. 
4. Curing compounds. 
5. Waterstops. 
6. Floor and slab treatments. 
T: Bonding agents. 
8. Adhesives. 
9. Vapor retarders. 


Semirigid joint filler. 
Epoxy joint filler. 
Joint-filler strips. 
Repair materials. 


a 
a Mr 


C. Material Test Reports: For the following, from a qualified testing agency: 


1. Portland cement. 
2. Fly ash. 
3. Ground Granulated Blast Furnace Slag. 
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4. Aggregates. Include service record data indicating absence of deleterious expansion 
of concrete due to alkali aggregate reactivity. 
5. Admixtures: 


a. Permeability-Reducing Admixture: Include independent test reports, indicating 
compliance with specified requirements, including dosage rate used in test. 

b. Corrosion Inhibiting Admixtures: Include independent test reports, indicating 
compliance with specified requirements, including dosage rate used in test. 


D. Floor surface flatness and levelness measurements report, indicating compliance with 
specified tolerances. 


E. Research Reports: 


1. For concrete admixtures in accordance with ICC's Acceptance Criteria AC198. 
2; For sheet vapor retarder/termite barrier, showing compliance with ICC AC380. 
F. Preconstruction Test Reports: For each mix design. 


G. Field quality-control reports. 
H. Minutes of preinstallation conference. 


I. Welding Certificates: Copies of certificates for welding procedures and personnel. 


1.7 QUALITY ASSURANCE 


A. Products and Material shall demonstrate compliance with requirements specified in Section 
016000. 
B. Qualified Engineer Qualifications: A qualified Engineer authorized to practice in 


jurisdiction where Project is located and who is experienced in providing engineering 
services of the kind indicated. Engineering services are defined as those performed for 
formwork and shoring and reshoring installations that are similar to those indicated for this 
Project in material, design, and extent. 


C. Ready-Mixed Concrete Manufacturer Qualifications: A firm experienced in manufacturing 
ready-mixed concrete products and that complies with ASTM C94/C94M requirements for 
production facilities and equipment. 


1. Manufacturer certified in accordance with NRMCA's "Certification of Ready Mixed 
Concrete Production Facilities" or approved equivalent certification. 


D. Source Limitations: Obtain each type or class of cementitious material of the same brand 
from the same manufacturer's plant, each aggregate from one source, and each admixture 
from the same manufacturer. 


E. Welding: Qualify procedures and personnel according to AWS D1.4/D1.4M, "Structural 
Welding Code-Reinforcing Steel". 


F. ACI Publications: (Comply with the following, unless more stringent provisions are 
indicated: 


1. ACI 301, "Specification for Concrete Construction". 
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ACI 117, "Specifications for Tolerances for Concrete Construction and Materials”. 


G. Mockups: Cast concrete panels to demonstrate typical joints, surface finish, texture, 
tolerances, floor treatments, and standard of workmanship, as requested by the Engineer. 


1. 


2. 


Build panel approximately 9.0 sq. m in the location indicated or, if not indicated, as 
directed by Engineer. 

Subject to compliance with requirements, approved mockups may become part of the 
completed Work if undisturbed at time of Substantial Completion. 

Notify Engineer seven days in advance of dates and times when mockups will be 
constructed. 

In presence of Engineer, damaged parts of exposed surfaces as selected by Engineer, 
and demonstrate materials and techniques proposed for repairs to match adjacent 
undamaged surfaces. 

Obtain Engineer's approval of mockups before starting cast-in-place concrete 
elements exposed to view. 

If Engineer determines that any mockup does not meet requirements, demolish and 
remove from the site and cast another until the mockup is approved. 

Maintain mockups during construction in an undisturbed condition as a standard for 
judging the completed work. 

Demolish and remove mockups when directed. 


1.8 PRECONSTRUCTION TESTING 


A. Preconstruction Testing Service: Engage a qualified testing agency to perform 
preconstruction testing on each concrete mixture. 


1. 


Include the following information in each test report: 


Concrete Mix Proportions. 
Admixture dosage rates. 
Slump/slump measurements with time. 
Unit weight and Air content. 
Mixing Temperature. 

Initial and final setting times. 
Seven-day compressive strength. 
28-day compressive strength. 
56-day compressive strength. 
Absorption and Permeability. 
Percent Chlorides and Sulfates 


ror > o ae op 


1.9 DELIVERY, STORAGE, AND HANDLING 


A. Comply with ASTM C94/C94M and ACI301 (ACI301M) and local authorities’ 
requirements. 


B. Waterstops: Store waterstops under cover to protect from moisture, sunlight, dirt, oil, and 
other contaminants. 
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1.10 


1.1 


A. 


1 


A. 


FIELD CONDITIONS 


Hot-Weather Placement: Comply with ACI 301 (ACI 301M), ACI 305.1 (ACI 305.1M), 
and as follows: 


1. Maintain concrete temperature at time of discharge to not exceed 35 deg C. 
2 Fog-spray forms, steel reinforcement, and subgrade just before placing concrete. 
Keep subgrade uniformly moist without standing water, soft spots, or dry areas. 


WARRANTY 


Manufacturer's Warranty: Provide written warranty, signed by Manufacturer and Installer, 
and countersigned by Contractor agreeing to furnish replacement sheet vapor 
retarder/termite barrier material and accessories for sheet vapor retarder/ termite barrier and 
accessories that do not comply with requirements or that fail to resist penetration by termites 
within specified warranty period. Warranty includes responsibility for removing and 
replacing construction and other work that conceals sheet, and for repairing related 
damages. 


1. Warranty Period: 10 years from date of Substantial Completion. 


PART 2 - PRODUCTS 


2.1 CONCRETE, GENERAL 

A. ACI Publications: Comply with ACI 117, ACI 301, and ACI 201.2 unless modified by 

requirements in the Contract Documents: 
2.2 CONCRETE MATERIALS 

A. Source Limitations: 

1. Obtain all concrete mixtures from a single ready-mixed concrete manufacturer for 
entire Project. 

2. Obtain each type or class of cementitious material of the same brand from the same 
manufacturer's plant. 

3. Obtain aggregate from single source. 

4. Obtain each type of admixture from single source from single manufacturer. 

B. Cementitious Materials: Use the following types of cementitious materials, as appropriate 
and depending on the exposure conditions. The cementitious material should be of the same 
type, brand, and source, throughout project construction: 

1. Portland Cement: low alkali with chemical composition in accordance with 

ASTM C150/C150M, Type I, or BS EN 197-1 Type CEM I 42.5N, gray color, of 

same type, brand and source for the entire project unless otherwise approved by the 

Engineer. Manufacturer’s test certification shall be supplied for each delivery of 

cement and shall confirm that the cement complies with the above requirements and 

shall be submitted by the Contractor not later than the day of delivery of the cement. 

The Engineer shall have the right to call for tests, the cost of which is to be borne by 
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the Contractor, on each delivery of cement to confirm that the cement meets the 
following requirements: 


a. 


Ordinary Portland Cement (OPC) conforming to ASTM C 150/C150M, Type I 
with minimum clinker content of 95%. Cement meeting the requirements of 
rapid hardening Portland cement shall not be used and the heat of hydration 
shall not exceed 325 kj/kg when tested according to ASTM C186. This type of 
cement shall be used for superstructure concrete elements (other than external 
and exposed superstructure concrete elements). 

Triple Blend cement shall be used in the piling concrete, substructure concrete 
elements in contact with soil and external superstructure concrete affected by 
the airborne environment and subject to condensation: Moderately Sulphate 
Resisting Cement (MSCR) conforming to ASTM C 150/C150M, Type II, C3A 
content between 5% and 8%, in combination with silica fume (5% to 10% of 
cementitious weight) and either fly ash (25% and up to 35% of the 
cementitious weight) or GGBS (50% to 65% of the cementitious weight). 

Type II Cement shall also be used in massive concrete structures as a measure 
to lower the heat of hydration of the concrete and the heat of hydration of the 
cement shall not exceed 260 kj/kg, at 7 days, when tested according to 
ASTM C186. 

Addition of Fly Ash or GGBS may be necessary to be added to the concrete 
mixes, if requested by the Engineer, or to achieve the specified strength, 
permeability, workability and heat of hydration requirements and to ensure 
green and durable concrete. 

Sampling shall be carried out in accordance with EN 196: Part 7 or relevant 
ASTM standard. 

Test cement for fineness by air permeability apparatus in accordance with 
ASTM C204 to meet the requirements of ASTM C150/C150M. 

Test cement for soundness, Autoclave expansion in accordance with ASTM 
C151/C151M. 


2: Supplementary Cementing materials: 


a. 


Fly Ash: ASTM C618 Class C or F. There shall be 25% to 35% replacement of 
the cementitious weight. The Fly ash shall be obtained from an approved 
supplier. 

Ground Granulated Blast-Furnace Slag: ASTM C989, Grade 100 or 120 or BS 
EN 15167-1. There shall be 50% to 65% replacement of the cementitious 
weight. The GGBS shall be obtained from an approved supplier. 

The approved supplier shall provide documentation to establish the following: 


1) That the fly ash or GGBS comply with ASTM C618 or ASTM C989 
standard requirements respectively. 

2) The grade of the manufactured GGBS or Fly ash and the chemical or 
physical requirements shall be reported. 

3) That source of supply shall remain the same for the construction period 
of the project. 

4) That the supply shall be adequate to meet the anticipated peak 
requirement. 

5) Chemical analyses to confirm compliance with the relevant ASTM 
requirements. 

6) Loss on ignition of Fly ash. 

7) Activity Index. 
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8) Specific surface area and method of test, together with corresponding 
particle size. 


d. Manufacturer's test certification shall be supplied for each delivery of fly ash or 
GGBS and shall confirm that the product complies with the above 
requirements and shall be submitted by the Contractor no later than the day of 
delivery of the product. 

e. The Engineer shall have the right to call for tests, the cost of which are to be 
borne by the Contractor, on each delivery of fly ash or GGBS, if necessary to 
establish or confirm that the material meets the above requirements. 


3. Silica Fume: Silica fume (SF) used as a cement replacement shall be in accordance 
with ASTM C1240, amorphous silica. Silica fume may need to be added to the 
concrete mixes, as directed, to achieve the specified permeability test requirements 
and to ensure early strength gain, once used in combination with fly ash or GGBS to 
assist in rapid stripping of formwork. If added to the concrete mix, the replacement 
shall range from 5 to 10 percent of the cementitious weight and the optimum silica 
fume percentage will be established based on concrete trial mixes that will attain 
successful performance of the concrete. The silica fume shall be obtained from an 
approved supplier. 


a. The approved supplier shall provide documentation to establish the following: 


1) That the silica fume complies with ASTM C1240 or BS EN 13263-1 
standard requirements. 

2) The silica fume results from the production of silicon or ferro-silicon 
alloys containing at least 85 percent silicon. 

3) That source of supply shall remain the same for the construction period 
of the project. 

4) That the supply shall be adequate to meet the anticipated peak 
requirement. 

5) Chemical analyses to give the percentages of the following materials: 


Si O2 C 
CaO Fez O3 
Al O3 Na: O 
K2: O Mg O 
SO3 


6) Loss on ignition. 

7) Percentage of particles greater than 44 mm to be maximum of 10%. 

8) Specific surface area and method of test, together with corresponding 
particle size. The specific area shall be minimum 15 m’/g. 


b. Delivery of silica fume to the concrete batching plant shall be in dry powder 
form, with a bulk density between 400 and 720 kg/cu. m. 
c. Manufacturer's test certification shall be supplied for each delivery of silica 


fume and shall confirm that the silica fume complies with the above 
requirements and shall be submitted by the Contractor no later than the day of 
delivery of the silica fume. 

d. The Engineer shall have the right to call for tests, the cost of which are to be 
borne by the Contractor, on each delivery of silica fume, if necessary to 
establish or confirm that the silica fume meets the above requirements. 
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e. 


It should be made clear that structures with micro silica require rigorous curing 
to diminish shrinkage and thermal stresses as concrete hardens. To reduce 
plastic shrinkages protect fresh concrete from early moisture loss with fogging. 


C. Normal-Weight Aggregates: Aggregates shall be from approved sources and shall conform 
to the requirements of ASTM C33/C33M, , from the same source for entire project, 
uniformly graded. Petrographic analyses shall be made in accordance with 
ASTM C295/C295M. Aggregates for exposed concrete shall not contain substances that 
cause spalling. Only aggregates not susceptible to alkali aggregate reaction shall be used. 
The Contractor shall supply samples of the materials for approval by the Engineer and each 
aggregate source shall be subject to monitoring by the Engineer. 


1. Coarse Aggregate: Coarse aggregate size shall be 20 mm nominal and those retained 
on a 5mm sieve and shall consist of crushed or uncrushed gravel or crushed stone and 
shall be selected, recrushed, finish screened and washed with water meeting the 
requirements of Paragraph D2.2 D to comply with the following: 


a. Los Angeles Abrasion Loss (Grading A or B), to ASTM C131, at a frequency 
of 1 per 30-days, with a limit of 25 percent maximum. 

b. Ratio of Los Angeles Abrasion Loss at 100 & 500 Revolutions (100/500 
Revolutions Value), to ASTM C131 Note 6, at a frequency of 1 per 30-days, 
with a limit of 0.25 percent maximum. 

c. Clay Lumps and Friable Particles, to ASTM C142/ C142M, at a frequency of 1 
per day, with a limit of 1.0 percent maximum. 

d. Material Finer than 75 Microns, to ASTM C117, at a frequency of 1 per day, 
with a limit of 1.0 percent maximum. 

e. Water Absorption, to ASTM C127, at a frequency of 1 per 7 days, with a limit 
of 2.0 percent maximum. 

f. Chlorides as Cl, to ASTM C1218, at a frequency of 1 per 3 days, with a limit 
of 0.03 percent maximum. 

g. Sulfates as SO3, to BS EN 1744-1, at a frequency of 1 per 3 days, with a limit 
of 0.3 percent maximum. 

h. Magnesium Sulfate Soundness Loss (5 cycles), to ASTM C88, at a frequency 
of 1 per 30 days, with a limit of 10.0 percent maximum. 

1. Flakiness Index, to BS EN 933-3, at a frequency of 1 per 7 days, with a limit of 
25 percent maximum. 

j. Elongation Index, to BS EN 933-3, at a frequency of 1 per 7 days, with a limit 
of 25 percent maximum. 

k. Reactive Silica, to ASTM C227 or ASTM C1260, at a frequency of 1 per 
source, with a limit as per Appendix X1.3.7 of ASTM C33/C33M. 

l. Specific gravity, at a frequency of 1 per 7 days, with a limit of Minimum 2.6. 

m. Moisture Content, at a frequency of 1 per each batch. 

n. Light weight pieces, to ASTM C123/C123M, at a frequency of 1 in 7 days, 
with a limit of 0.5 percent maximum. 

o. Sieve analysis, to ASTM C136, at a frequency of 1 in 3 days, with a limit as 
per ASTM C33 requirements. 

p. Drying Shrinkage, to EN 12620 cl. 5.7 and EN 1367-4, at a frequency of 1 in 
30 days, with a limit of 0.045 percent maximum. 

q. Additionally, limits specified in Paragraph 2.10H for the total salt content of 
concrete shall not be exceeded. 

2. Fine Aggregate: Fine aggregate, those passing a 5mm sieve, shall consist of natural 


sand with rounded or surrounded particles, or crushed gravel, or crushed stone mixed 
with natural sand, and shall be washed as necessary to comply with the following: 
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a. Clay Lumps and Friable Particles, to ASTM C142/C142M, at a frequency of 1 
per day, with a limit of 1.0 percent maximum. 

b. Material Finer than 75 Microns, to ASTM C117, at a frequency of 1 per day, 
with a limit of maximum 3 percent for natural sand and 5 percent for crushed 
sand with no plastic fines. 

c. Water Absorption, to ASTM C128, at a frequency of 1 per 7 days, with a limit 
of 2.0 percent maximum. 

d. Chlorides as Cl, to BS EN 1744-1, at a frequency of 1 per 3 days, with a limit 
of 0.06 percent maximum. 

e. Sulfates as SO3, to BS EN 1744-1, at a frequency of 1 per 3 days, with a limit 
of 0.30 percent maximum. 

f. Organic Impurities, to ASTM C40/ C40M, at a frequency of 1 per 7 days, 
lighter than Standard Color. 

g. Sand equivalent, to ASTM D2419, at a frequency of 1 per day, with a limit of 
75 percent minimum. 

h. Light weight pieces, to ASTM C123/C123M, at a frequency of 1 per 7 days, 
with a limit of 0.5 percent maximum. 

i. Reactive Silica, to ASTM C227 or ASTM C1260, at a frequency of 1 per 
source, with a limit as per Appendix X1.3.7 of ASTM C33/C33M. 

j. Sieve analysis, to ASTM C136, at a frequency of 1 in 3 days, with a limit as 
per ASTM C33/C33M requirements. 

k. Drying Shrinkage, to EN 12620 cl. 5.7 and EN 1367-4, at a frequency of 1 per 
30 days, with a limit of 0.045 percent maximum. 

l. Additionally, limits specified in Paragraph 2.10H for the total salt content of 
concrete shall not be exceeded. 


3. Certification: Obtain from each proposed source of supply Test Certification to 
confirm that the aggregates comply with the above requirements. The following 
information shall be provided: 


Quarry location. 

Aggregate type. 

Petrographic analysis report. 

Grading curve. 

Shape and surface texture. 

Flakiness index. 

10 percent fines value. 

Impact test. 

Shell content. 

Chloride and sulfate content. 

Relative density. 

Water absorption value and moisture content. 
Silt, clay, and dust content. 

Results of reactive silica tests. 

Organic impurities (fine aggregate only). 
Sand equivalent. 


WOBRC Wore moO AO os 


4. Testing: 


a. When a source of supply for each aggregate type had been established, samples 
of materials delivered to Project site shall be taken for testing in accordance 
with BS 812 as follows: 
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2.3 


1) Tests for clay, silt and dust, and sieve analysis shall be carried out for 
every 20 tons of fine aggregate and every 40 tons of coarse aggregate. 

2) Chemical analyses shall be carried out on every 100 tons of aggregate. 

3) The specified frequency of material testing shall be maintained for the 
initial construction period (at the start of the project) and may be slightly 
relaxed once uniformity in material supply is confirmed, to the approval 
of the Engineer. 


b. The Engineer shall have the right to call for additional samples at any time for 
testing of aggregates delivered to the Project site or of aggregates at the source 
of supply in order to confirm that the aggregates meet the above requirements. 


5: Transportation: During transportation to the Project site, all aggregates shall be 
protected from wind-borne contaminants. If these contaminants are present at time of 
delivery to the Project site, then the aggregates shall be washed with water meeting 
the requirement of Paragraph 2.2 D. Transport vehicles shall be cleaned of possible 
contamination due to previous use. 

6. Storage: Aggregates shall be stored (under shade) on hard concrete floors or other 
approved materials having sufficient slope to ensure adequate drainage of aggregate 
before being used for concrete and each size and type shall be stored in separate 
heaps without intermixing. Storage shall prevent contamination of the aggregates by 
foreign material including wind-blown dust. Fine and coarse aggregates shall be 
separated by permanent substantial partitions. Methods of storing, shading and 
cooling aggregates shall be approved by the Engineer. 


Water: Water used for mixing concrete, ice production, washing and cooling aggregates, 
and curing concrete shall be potable water complying with ASTM C1602/C1602M, free 
from impurities, oil, acid, salts, alkali, organic matter, and other potentially deleterious 
substances in accordance with AASHTO T26 and when tested in accordance with 
ASTM D512 and ASTM D516. The chloride content shall not exceed 500 ppm. 


1. Once a source of satisfactory supply has been established, further tests shall be made 
daily with a portable electrical conductivity probe calibrated against the satisfactory 
supply. If the conductivity exceeds that of the satisfactory supply, then further 
chemical tests shall be performed. 

2. The limits specified in Paragraph 2.10H for the total salt content of the concrete shall 
not be exceeded. 


Lightweight Aggregate: ASTM C330/C330M, 20-mm nominal maximum aggregate size. 


ADMIXTURES 
Air-Entraining Admixture: ASTM C260/C260M. 


Chemical Admixtures: Certified by manufacturer that do not contribute water-soluble 
chloride ions exceeding 0.1 percent by mass of cementitious material, and to be compatible 
with other admixtures and cementitious materials. Do not use calcium chloride or 
admixtures containing calcium chloride. 


1. Water-Reducing Admixture: ASTM C494/C494M, Type A. 

2. Retarding Admixture: ASTM C494/C494M, Type B. 

3. Water-Reducing and -Retarding Admixture: ASTM C494/C494M, Type D. 

4. High-Range, Water-Reducing Admixture: ASTM C494/C494M, Type F. 
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2.4 


5. High-Range, Water-Reducing and -Retarding Admixture: ASTM C494/C494M, 
Type G. 

6. Plasticizing and Retarding Admixture: ASTM C1017/C1017M, Type IL. 

7. The Corrosion Inhibiting (CI) admixtures shall be provided from approved 
manufacturers. Preparation and proportions/dosage shall be according to the 
manufacture’s recommendations, or in line with ACI 212.3R, and shall be confirmed 
during the trial mix design stage. 


a. Set-Accelerating Corrosion-Inhibiting Admixture: Commercially formulated, 
anodic inhibitor or mixed cathodic and anodic inhibitor; capable of forming a 
protective barrier and minimizing chloride reactions with steel reinforcement in 
concrete and complying with ASTM C494 and ASTM C1582. 

b. Organic Corrosion Inhibiting Admixture: Commercially formulated mixed 
cathodic and anodic inhibitor, capable of forming a protective barrier and 
minimizing chloride reactions with steel reinforcement in concrete, in 
compliance with ASTM C1582. The admixture shall be capable of forming a 
protective corrosion resistant film around the steel reinforcement. 


8. Permeability-Reducing Admixture: ASTM C494/C494M, Type S, hydrophilic, 
permeability-reducing crystalline admixture, capable of reducing water absorption of 
concrete exposed to hydrostatic pressure (PRAH). 


a. Permeability: No leakage when tested in accordance with U.S. Army Corps of 
Engineers CRC C48 at a hydraulic pressure of 1.28 MPa for 14 days. 


Third Generation admixtures, Polycarboxylate Ether to ASTM C1017, shall be used in 
concrete containing silica fume and for self-consolidating concrete. 


Anti-wash admixtures in compliance with CRD C661-06 for preventing washout of cement 
and other fine fractions of materials from underwater concrete. 


Viscosity Modifiers for concrete to increase the stability of Self compacting concrete mixes 
and reduce bleeding potential. Use only a viscosity modifier compatible with the third- 
generation admixture used in the concrete mix, as directed and approved by the product 
manufacturer and Engineer. 


Color Pigment: ASTM C979/C979M, synthetic mineral-oxide pigments or colored water- 
reducing admixtures, color stable, free from carbon black, nonfading, and resistant to lime 


and other alkalis. 


1. Color: As selected by Engineer from manufacturer's full range. 


FIBER REINFORCEMENT 


Carbon-Steel-Wire Fiber: ASTM A820/A820M, Type 1, cold-drawn wire, deformed, 
minimum of 50 mm long, with an aspect ratio of 35 to 40. 


Synthetic Macro-Fiber: Monofilament polypropylene macro-fibers engineered and designed 
for use in concrete, complying with ASTM C1116/C1116M, Type III, 25 to 57 mm long. 
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2.5 


2.6 


2.7 


VAPOR RETARDERS 


Sheet Vapor Retarder, Class A: ASTM E1745, Class A; not less than 0.25 mm thick. 
Include manufacturer's recommended adhesive or pressure-sensitive tape. 


Sheet Vapor Retarder: Polyethylene sheet, ASTM D4397, not less than 0.25 mm thick. 


Granular Fill: Clean mixture of crushed stone or crushed or uncrushed gravel; 
ASTM D448, Size 57, with 100 percent passing a 38-mm sieve and 0 to 5 percent passing a 
2.36-mm sieve. 


Fine-Graded Granular Material: Clean mixture of crushed stone, crushed gravel, and 
manufactured or natural sand; ASTM D448, Size 10, with 100 percent passing a 9.5-mm 
sieve and 10 to 30 percent passing a 0.15-mm sieve and at least 5 percent passing 0.075mm 
sieve; complying with; deleterious substance limits of ASTM C33/C33M for fine 
aggregates. 


CURING MATERIALS 


Evaporation Retarder: Waterborne, monomolecular film forming, manufactured for 
application to fresh concrete. 


Moisture-Retaining Cover: ASTM C171, polyethylene film burlap-polyethylene sheet. 
1. Color: 

a. Ambient Temperature below 10 deg C: Black. 

b. Ambient Temperature between 10 deg C 29 deg C: Any color. 

c. Ambient Temperature above 29 deg C: White. 
Water: Potable or complying with ASTM C1602/C1602M. 


Clear, Waterborne, Membrane-Forming, Dissipating Curing Compound: ASTM C309, 
Type 1, Class B. 


RELATED MATERIALS 


Expansion- and Isolation-Joint-Filler Strips: ASTM D1751, asphalt-saturated cellulosic 
fiber or ASTM D1752, cork or self-expanding cork. 


Semirigid Joint Filler: Two-component, semirigid, 100 percent solids, aromatic polyurea 
with a Type A shore durometer hardness range of 90 to 95 in accordance with 
ASTM D2240. 


Bonding Agent: ASTM C1059/C1059M, Type II, non-redispersible, acrylic emulsion or 
styrene butadiene. 


Epoxy Bonding Adhesive: ASTM C881, two-component epoxy resin, capable of humid 
curing and bonding to damp surfaces, of class suitable for application temperature and of 
grade to suit requirements, and as follows: 


1. Types I and II, non-load bearing, for bonding hardened or freshly mixed concrete to 
hardened concrete. 
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2.8 


2.9 


Reglets: Fabricate reglets of not less than 0.55-mm- thick galvanized steel sheet. 
Temporarily fill or cover face opening of reglet to prevent intrusion of concrete or debris. 


Dovetail Anchor Slots: Hot-dip galvanized steel sheet, not less than 0.85 mm thick, with 
bent tab anchors. Temporarily fill or cover face opening of slots to prevent intrusion of 
concrete or debris. 


REPAIR MATERIALS 


Repair Underlayment: Cement-based, polymer-modified, self-leveling product that can be 
applied in thicknesses from 3 mm and that can be feathered at edges to match adjacent floor 
elevations. 


1. Cement Binder: ASTM C150/C150M Portland cement or hydraulic or blended 
hydraulic cement, as defined in ASTM C219. 


2: Primer: Product of underlayment manufacturer recommended for substrate, 
conditions, and application. 
3. Aggregate: Well-graded, washed gravel, 3 to 6 mm or coarse sand, as recommended 


by underlayment manufacturer. 
4. Compressive Strength: Not less than 35 MPa at 28 days when tested in accordance 
with ASTM C109/C109M. 


Repair Overlayment: Cement-based, polymer-modified, self-leveling product that can be 
applied in thicknesses from 6 mm and that can be filled in over a scarified surface to match 
adjacent floor elevations. 


1. Cement Binder: ASTM C150/C150M Portland cement or hydraulic or blended 
hydraulic cement, as defined in ASTM C219. 


2. Primer: Product of topping manufacturer recommended for substrate, conditions, and 
application. 
3. Aggregate: Well-graded, washed gravel, 3 to 6 mm or coarse sand as recommended 


by topping manufacturer. 
4. Compressive Strength: Not less than 35 MPa at 28 days when tested in accordance 
with ASTM C109/C109M. 


CONCRETE MIXTURES, GENERAL 


Prepare design mixtures for each type and strength of concrete, proportioned on the basis of 
laboratory trial mixture, in accordance with ACI 301, ACI 211.1, ACI 211.2, ACI 211.4 
ACI 237R depending on the grade and type of concrete and Local Regulatory Requirements 
of Pakistan and NHA of Pakistan. 


1. Use a qualified testing agency for preparing and reporting proposed mixture designs, 
based on laboratory trial mixtures. 


Cementitious Materials: Limit percentage, by weight, of cementitious materials other than 
Portland cement in concrete as follows: 


1. Fly Ash: 35 percent by mass. 
2. Ground Granulated Blast Furnace Slag: 65 percent by mass. 
3. Silica Fume: 10 percent by mass. 
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C. Limit water-soluble, chloride-ion content in hardened concrete to 0.06 percent by weight of 
cement, inclusive of cementitious additives. 


D. Limit the total sulfate content in the hardened concrete, expressed as SO3, to 3.0 percent by 
weight of dry cement, inclusive of cementitious additives. 


E. Admixtures: Use admixtures in accordance with manufacturer's written instructions, and 
Engineer’s approval. 


1. Use water-reducing, high-range water-reducing or plasticizing admixture in concrete, 
as required, for placement and workability. 

2: Use water-reducing and -retarding admixture when required by high temperatures, 
low humidity, or other adverse placement conditions. 

3. Use water-reducing admixture in pumped concrete and concrete with a w/c ratio 
below 0.50. 

4. Use corrosion-inhibiting admixture in concrete mixtures for all structural elements 
exposed to contaminated soil or ground water. 

5. Use permeability-reducing admixture in concrete mixtures. 

6. Use Third generation admixture, PolyCarboxylate Ether in self-consolidated concrete 
and in concrete mixes including silica fume. 

7 Use anti-wash admixtures in compliance with CRD C661-06 for underwater concrete, 
as directed by the Engineer. 

8 Use Viscosity Modifiers in self-compacting/consolidated concrete mixes, as directed 


and approved by the Engineer. 


F. Color Pigment: Add color pigment to concrete mixture in accordance with manufacturer's 
written instructions and to result in hardened concrete color consistent with approved 
mockup. 

G. Synthetic Fiber: Uniformly disperse in concrete mix at manufacturer's recommended rate. 

H. Prepare design mixes for each type and strength of concrete determined by laboratory trial 


mix, as follows: 


1. Proportion normal-weight concrete according to ACI 211.1 and ACI 301. 
2. Proportion high strength concrete according to ACI 211.4R and ACI 301. 
3. Proportion lightweight structural concrete according to ACI 211.2 and ACI 301. 
4. Proportion self-consolidating concrete according to ACI 237R. 
I. Engage a qualified independent testing agency acceptable to the Engineer for preparing and 


reporting proposed mix designs for the laboratory trial mix basis. 
1. Do not engage the same testing agency for field quality control. 
J. Submit written reports to the Engineer of each proposed mix for each class of concrete at 


least 30 days prior to start of work. Do not begin concrete production until proposed mix 
designs have been reviewed and approved by the Engineer. 
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2.10 CONCRETE MIXTURES (Design mixes to provide concrete with the following properties 
unless otherwise indicated on Drawings) 


A. Class A: Normal-weight concrete used for piles, pile caps, columns, retaining walls, 
abutments, and all other substructure elements of the Bridge. 


1. Exposure Class: ACI 318 (ACI 318M) C2/S1. 

2. Minimum Compressive Strength of cylinder at 28 Days: 35 MPa. 

3. Minimum cementitious content: 380 kg/m3 and 400 kg/m3 for piling concrete. 

4. Maximum w/cm: 0.35. 

5: Slump Limit: 100 mm, plus or minus 25 mm. Slump for concrete with admixture 
shall be in the range of 200mm+25mm with minimum slump not less than 150mm 
after 1 hour of concrete placement. 

6. Slump Flow Limit: 550 mm, plus or minus 40 mm. 

7. Cementitious additives: Fly Ash 25% to 35% of cementitious weight or GGBS 50% 
to 65% of cementitious weight, in combination with silica fume (5% to 10% of 
cementitious weight), shall be added to the concrete mix, to achieve the specified 
permeability, durability and strength requirements and/or achieve sustainable 
concrete. 

8. Air Content: 2% Maximum 

9. Include corrosion inhibitors and/or waterproofing additives as necessary to satisfy the 


durability requirements. 

10. For Piling and Underwater Concrete: Determine the washout resistance and loss of 
fines within the concrete mixture according to the Washout Loss test to the US Army 
CRD C61 and the maximum loss of fines shall not exceed 5%. 


B. Class B: Normal-weight concrete used for deck slab, shear keys, transoms and all other 
superstructure elements of the Bridge except the pre-stressed concrete girders. 


Exposure Class: ACI 318 (ACI 318M) C1/SO. 

Minimum Compressive Strength of cylinder at 28 Days: 35 MPa. 

Minimum cementitious content: 380 kg/m3. 

Maximum w/cm: 0.4. 

Slump Limit: 100 mm, plus or minus 25 mm. Slump for concrete with admixture 
shall range from 160mm to 200mm. 

Slump Flow Limit: 550 mm, plus or minus 40 mm. 

Cementitious additives: Fly Ash 25% to 35% of cementitious weight or GGBS 50% 
to 60% of cementitious weight shall be added to the concrete mix, to achieve the 
specified permeability, durability and strength requirements and/or achieve 
sustainable concrete. 

8. Air Content: 2% Maximum 


St ane ee 


a Bik 


C. Class C: Normal-weight Blinding/Plain concrete/Cyclopean Plain concrete. 
1. Minimum Compressive Strength on cylinder at 28 Days: 15 MPa. 
2: Minimum cementitious content: 250 kg/m3. 
3. Maximum w/cm: 0.55. 
4. Slump Limit: 160mm to 200 mm plus or minus 25 mm for concrete with verified 


slump of 100 mm before adding high-range water-reducing admixture or plasticizing 
admixture at Project site. 

5. Cementitious additives: Fly Ash or GGBS may need to be added to the concrete mix 
to achieve sustainable concrete. 
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D. Class D: Normal-weight concrete used for all structural elements of the precast beams of the 
bridge, 
1. Exposure Class: ACI 318 (ACI 318M), C1/SO. 
2. Minimum Compressive Strength on cylinder at 28 Days: 50 MPa. 
3. Minimum cementitious content: 420 kg/m3. 
4. Maximum w/cm: 0.40. 
5: Slump Limit: 100 mm, plus or minus 25 mm. 
6. Slump Flow Limit: 550 mm, plus or minus 40 mm. 
Ti Cementitious additives: Fly Ash 25% to 35% of cementitious weight or GGBS 50% 


to 60% of cementitious weight or silica fume 5% to 10% of cementitious weight shall 
be added to the concrete mix, to achieve the specified permeability, durability and 
strength requirements and/or achieve sustainable concrete. 

8. Air Content: 2 percent Maximum. 


E. Water-Cementitious Ratio: The free water-cement ratio shall not exceed 0.40 except for 
blinding concrete where water-cement ratio can be limited to 0.55, unless otherwise 
specified. Where cementitious additives are used, the water-cement ratio shall be the water 
content divided by the cement plus cementitious additives content. The water-cement ratio 
shall be continuously checked at the mixer with due allowance made for water contained in 
the aggregates. Under no circumstance shall water be added between the mixer and the 
place of concrete placement. The Engineer may require that the water-cement ratio be 
checked during tests performed on fresh concrete samples taken at the time of placement as 
specified in Paragraph 3.16. 


F. All concrete below ground shall have as a minimum a protective coating. 


G. Slump Limits: The slump of concrete mixes shall be such that the concrete can be 
transported, placed into the forms, and compacted without segregation in accordance with 
Paragraph 3.6. If no superplasticizer is required, the slump at time of placement shall be 50- 
125 mm as measured in accordance with ASTM C143/C143M. In accordance with 
Paragraph 3.6, the concrete shall at all times exhibit a mobility that enables this placement 
to be affected with the minimum amount of difficulty. 


H. Total Salt Content: 


1. Chlorides: The water soluble chloride content of the concrete from all sources, 
expressed as chloride ion, shall not exceed 0.06 percent by weight of dry cement, 
inclusive of cementitious additives, when tested in accordance with BS 1881-124. 

2, Sulfates: The total sulfate content of the concrete from all sources, expressed as SO3, 
when tested in accordance with BS 1881-124, shall not exceed 3 percent by weight of 
dry cement, inclusive of cementitious additives. 


I. Initial Setting Time: 


1. The initial setting time shall be not less than one hour after the production concrete is 
discharged into the form. With a maximum time between mixing and placing 
concrete of one hour, the total time between mixing and initial set shall be a 
minimum of 2 hours. There shall be a maximum setting time of 6 hours. 

2. When trial mixes are made to determine the workability of the concrete, the initial 
setting time of the cement paste shall be determined using the method defined in 
ASTM C191 but at the maximum allowable temperature and with same proportions 
of cementitious additives and retarding superplasticizer as specified in this 
Specification. 
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J. Test Mixes - Structural Grade Concrete: When the proposed workability, proportions of 
aggregates and superplasticizer, and strength for each grade of concrete have been 
established, test concrete shall be produced for approval by the Engineer. The following 
shall be performed for each grade of concrete: 


1. Six separate test mixes shall be made and cured in accordance with 
ASTM C192/C192M and tested in accordance with ASTM C39/C39M. 
2: The 36 cylinders for each grade of concrete shall be tested for compressive strength at 


28 days and the mean strength and standard deviation established for each grade. 
3. The test mixes shall be accepted provided that: 


a. The mix proportions and workability are in accordance with this Specification. 

b. The standard deviation for each grade is 3.5 MPa if specified design strength is 
equal or less than 35 MPa, and 10 % of specified compressive strength in other 
cases, as per ACI 214 standard requirements and depending on the grade of 
concrete. 

c. The mean strength for structural concrete exceeds the specified design strength 
by the limits specified according to ACI 318 standard, and as approved by the 
Engineer. 


K. Test Mixes - Blinding or Mudmat Concrete: 


1. Concrete for blinding or mudmat shall be a designed mix with the specified design 
strength as indicated. The trial mix proportions shall be left to the discretion of the 
Contractor. Once they have been chosen, three separate test mixes shall be made 
with those proportions and three 150 mm test cylinders shall be made from each mix 
for testing at 28 days. The trial mix proportions and water/cement ratio shall be 
approved if the average strength of the nine cylinders is not less than the specified 
design strength plus 5 MPa. 

2: No production test shall be made for this grade of concrete but the Engineer will 
monitor the mix proportions and water/cement ratio. 


L. Adjustment to Concrete Mixes: Mix design adjustments may be requested when 
characteristics of materials, job conditions, weather, test results, or other circumstances 
warrant. Laboratory test data for revised mix design and strength results shall be submitted 
to and approved by the Engineer before using in the work. 


M. Permeability Testing: when limits shown below are different from limits in regulations of 
authorities having jurisdiction, the authorities’ regulations shall govern. 


1. Absorption Test: The absorption of the hardened concrete from the trial mixes for 
structural grades and from in situ construction shall be tested as a measure of the 
concrete’s ability to resist the ingress of aggressive salts. No absorption tests shall be 
required for blinding or mudmat concrete. Absorption tests shall be in accordance 
with modified BS 1881: Part 122, tested at 56 days , as follows: 


a. The mean of the corrected absorption figure for each concrete grade shall be 
calculated and the absorption of the concrete mixes shall be acceptable if the 
mean absorption is less than 1.5% at 30 minutes. 

b. The mean absorption figure and the lowest absorption figure shall be recorded 
for each grade of concrete and used for comparison purposes with absorption 
tests carried out on cores cut from in-situ concrete, as scheduled in Paragraph 
3.17D.4 
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2.11 


BS EN 12390-8 Depth of Penetration shall be carried out as a measure of water 
permeability on concrete samples before the mix design or manufacturing method are 
approved and from in situ construction. The tests shall be carried out in accordance 
with BS EN 12390-8 at age 56 days and the maximum value of penetration shall not 
exceed the following limits: 


a. In-situ construction: Less than 10 mm . 
b. Precast units: Less than 10 mm 


The chloride permeability of the concrete shall be determined using cores taken from 
the concrete trial samples and from in situ construction, in accordance with ASTM 
C1202 "Electrical Indication of Concrete's Ability to Resist Chloride Ion Penetration" 
or AASHTO T277. The following limits shall not be exceeded at 56 days: 


a. In-situ construction: 1000 Coulombs. 
b. Precast units: 1000 Coulombs. 


Initial Surface Absorption Test (ISAT) shall be carried out according to BS 1881-208, 
on trial mixes samples and as in-situ testing of structures, and the following limits 
shall not be exceeded at 56 days:. 


a. ISAT test results shall be less than 0.05 ml/sqm/s . 
b. Precast units: less than 0.05 ml/sqm/s . 


The concrete will be deemed to comply with the permeability criteria if minimum two 
test requirements out of the specified BS 1881-122, BS 1881-208, BS EN 12390-8, 
and the rapid chloride permeability test results of concrete sample meet the above 
requirements. Otherwise, the concrete mix represented by such sample shall be 
deemed not to comply with the permeability requirements. 

If, in the opinion of the Engineer, the concrete that has failed to meet the permeability 
requirements of this Specification is likely to cause durability problems, three cores 
shall be cut from the area represented by failed samples for additional Absorption, BS 
EN, NT Build and rapid chloride permeability testing. The actual location shall be 
decided by the Engineer. 


Concrete for use as backfilling for structural excavation shall be cyclopean concrete Class 
C. Plums used in cyclopean concrete shall consist of non-reactive broken stone spalls or 
boulders ranging in size from 200mm to 300mm. They shall be free from sharp or angular 
edges and shall not form more than 30% of the total volume of concrete. They shall be 
evenly graded and shall be soaked in water prior to incorporation in the mix. Plums shall be 
evenly distributed in the concrete mix with a minimum cover of 100mm. 


CONCRETE MIXING 


General: Concrete production shall be in accordance with ACI 304R. A checklist for 
concrete production shall be produced, such as that used by the NRMCA or approved equal. 


1. 


Batching of materials shall be by weight. All weighing equipment shall be calibrated 
and documentation shall be provided to establish that the accuracy is continuously 
maintained in accordance with the requirements of ACI 304. Batching scale accuracy 
shall be in accordance with the Concrete Plant Standards of the Concrete Plant 
Manufacturers Bureau, or approved equal. 
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2. Furnish the necessary equipment and establish accurate procedures for determining 
the quantities of free moisture in the aggregates. Moisture determinations shall be 
made daily and whenever there is an apparent change in the moisture content. The 
moisture content shall be recorded. The moisture of aggregates shall be utilized in 
adjusting the weight of aggregate added to the mix. The water added to the mix shall 
be similarly adjusted. 


B. Ready-Mixed Concrete: Measure, batch, mix, and deliver concrete in accordance with 
ASTM C94/C94M and as follows: 


1. Concrete shall be centrally mixed off site and transported in an agitator truck. Truck 
mixing shall not be permitted. 

2s The plant and trucks shall be certified as meeting the requirements of the NRMCA 
Check List, or approved equal. 


3. Details and information regarding the supplier proposed by the contractor shall be 
submitted to the Engineer for approval. 
4. The sewer of ready mixed concrete shall not subsequently be charged without further 


approval of the Engineer. 


C. When air temperature is between 30 deg. C and 32 deg. C, delivery time from the time water 
is added to the mix until it is placed in its final position in the form shall not exceed 60 
minutes. When air temperature is above 32deg. C, delivery time shall not exceed 45 
minutes. 


D. Before discharging concrete at the point of delivery, provide the Engineer with a delivery 
ticket for each batch of concrete containing the following information as a minimum: 


Name or number of off-site concrete depot. 

Serial number for ticket. 

Date. 

Time of dispatch. 

Truck number. 

Name of Supplier. 

Grade or mix description of concrete. 

Type of cement. 

Cement content. 

10. Water/cement ratio. 

11. Nominal maximum size of aggregate. 

12. Source of aggregate, maximum size, weight of fine and coarse aggregate. 

13. Type or name of admixture, if included. 

14. Quantity of concrete in cubic meters. 

15. Certifying that chlorides and sulfate contents are within specified limits and stating 
their values. 

16. Amount of concrete in cubic meter. 


a A a G2) 


E. Project-Site Mixing: All concrete mixed on Project site shall be in a batch mixer of 
approved size and design complying with ACI 304 and producing a uniform distribution of 
the materials throughout the mixed concrete in accordance with ASTM C94/C94M 
uniformity test. The contents of the drum shall be completely discharged before re- 
charging. After all the materials are in the mixer, mixing shall continue until the whole of 
the materials are uniformly distributed and the mass is of uniform color and consistency. In 
the case of concrete that contains silica fume with a density between 400-720 kg/m3, the 
mixing time shall be 50 percent greater than the requirement for concrete without silica 
fume. 
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Whenever mixing is to be suspended for half an hour or longer, the drum of the mixer 
shall be thoroughly washed out with clean water. Provide a competent operator who 
shall be in continuous control of the mixer. No retempering of concrete, which has 
partially hardened, by the addition of cement, aggregate, or water shall be allowed. 
Provide batch ticket for each batch discharged and used in the work, indicating 
Project identification name and number, date, mix type, mix time, quantity, and 
amount of water introduced. 


PART 3 - EXECUTION 


3.1 


3.2 


3.3 


EXAMINATION 


Verification of Conditions: 


1. Before placing concrete, verify that installation of concrete forms, accessories, and 
reinforcement, and embedded items is complete and that required inspections have 
been performed. 

2 Do not proceed until unsatisfactory conditions have been corrected. 

PREPARATION 


Provide reasonable auxiliary services to accommodate field testing and inspections, 
acceptable to testing agency, including the following: 


1. 


Daily Access to the Work. 

Incidental labor and facilities necessary to facilitate tests and inspections. 

Secure facilities for storage, initial curing, and field curing including source of water 
and continuous electrical power at Project site during site curing period for test 
samples. 

Security and protection for test samples and for testing and inspection equipment at 
Project site. 


INSTALLATION OF EMBEDDED ITEMS 


Place and secure anchorage devices and other embedded items required for adjoining Work 
that is attached to or supported by cast-in-place concrete. 


1. Use setting drawings, templates, diagrams, instructions, and directions furnished with 
items to be embedded. 

2. Install anchor rods, accurately located, to elevations required and complying with 
tolerances in Section 7.5 of ANSI/AISC 303. 

3. Install reglets to receive waterproofing and to receive through-wall flashings in outer 
face of concrete frame at exterior walls, where flashing is shown at lintels, shelf 
angles, and other conditions. 

4. Install dovetail anchor slots in concrete structures as indicated. 
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3.4 INSTALLATION OF VAPOR RETARDER 


A. Sheet Vapor Retarders: Place, protect, and repair sheet vapor retarder in accordance with 
ASTM E1643 and manufacturer's written instructions. 


1. Install vapor retarder with longest dimension parallel with direction of concrete pour. 
2 Face laps away from exposed direction of concrete pour. 
3. Lap vapor retarder over footings and grade beams not less than 150 mm, sealing 
vapor retarder to concrete. 
4. Lap joints 150 mm and seal with manufacturer's recommended tape. 
Ds Terminate vapor retarder at the top of floor slabs, grade beams, and pile caps, sealing 
entire perimeter to floor slabs, grade beams, foundation walls, or pile caps. 
6. Seal penetrations in accordance with vapor retarder manufacturer's instructions. 
7. Protect vapor retarder during placement of reinforcement and concrete. 
a. Repair damaged areas by patching with vapor retarder material, overlapping 
damages area by 150 mm on all sides, and sealing to vapor retarder. 
B. Granular Fill: Cover vapor retarder with granular fill, moisten, and compact with 


mechanical equipment to elevation tolerances of plus 0 mm or minus 20 mm. 


1. Place and compact a 15-mm- thick layer of fine-graded granular material over 
granular fill. 


3.5 JOINTS 


A. — Construct joints true to line, with faces perpendicular to surface plane of concrete. 
B. Construction and Movement Joints: 
1. Construct joints true to line with faces perpendicular to surface plane of concrete. 
2. Install so strength and appearance of concrete are not impaired, at locations indicated 


or as approved by the Engineer. 

Place joints perpendicular to main reinforcement. 

Continue reinforcement across construction joints, unless otherwise indicated. 

Do not continue reinforcement through sides of movement joints. 

Form construction joints from preformed galvanized steel, plastic keyway-section 
forms, or bulkhead forms with keys, unless otherwise indicated. Embed keys at least 
40 mm into concrete, unless otherwise indicated on drawings. 

T Locate joints for beams, slabs, joists, and girders in the middle third of spans. 


Nn & 


a. Offset joints in girders a minimum distance of twice the beam width from a 
beam-girder intersection. 


8. Locate horizontal joints in walls and columns at underside of floors, slabs, beams, 
and girders and at the top of footings or floor slabs. 
9. Space vertical joints in walls as coordinated with the Engineer. 


a. Locate joints beside piers integral with walls, near corners, and in concealed 
locations where possible. 


10. Use an approved bonding agent at locations where fresh concrete is placed against 
hardened or partially hardened concrete surfaces. 
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3.6 


Control Joints in Slabs-on-Ground: Form weakened-plane control joints, sectioning concrete 
into areas as indicated. Construct control joints for a depth equal to at least one-fourth of 
concrete thickness as follows: 


1. Grooved Joints: Form control joints after initial floating by grooving and finishing 
each edge of joint to a radius of 3 mm. Repeat grooving of control joints after 
applying surface finishes. Eliminate groover tool marks on concrete surfaces. 

2: Sawed Joints: Form control joints with power saws equipped with shatterproof 
abrasive or diamond-rimmed blades. Cut 3 mm wide joints into concrete when cutting 
action does not tear, abrade, or otherwise damage surface and before concrete 
develops random cracks. 


Isolation Joints in Slabs-on-Ground: After removing formwork, install joint-filler strips at 
slab junctions with vertical surfaces, such as column pedestals, foundation walls, grade 
beams, and other locations, as indicated. 


1. Extend joint-filler strips full width and depth of joint, terminating flush with finished 
concrete surface unless otherwise indicated on Drawings. 

2: Terminate full-width joint-filler strips not less than 12 mm or more than 25 mm 
below finished concrete surface, where joint sealants, specified in Section 079200 
"Joint Sealants," are indicated. 


3. Install joint-filler strips in lengths as long as practicable. Where more than one length 
is required, lace or clip sections together. 
4. For hanger floors and heavy traffic work spaces, submit details of isolation joints, 


layout indicating dispositions and arrangements to prevent the breaking of slab edges 
under wheel loads. 


Doweled Joints: 


1. Install dowel sleeves and dowels or dowel bars and support assemblies at joints where 
indicated on Drawings. 
2. Lubricate or asphalt coat one-half of dowel bar length to prevent concrete bonding to 


one side of joint. 


Dowel Plates: Install dowel plates at joints where indicated on Drawings. 


CONCRETE PLACEMENT 


Before placing concrete, verify that installation of formwork, reinforcement, embedded 
items, and vapor retarder is complete and that required inspections are completed and 
approved by the Engineer. 


1. Immediately prior to concrete placement, inspect vapor retarder for damage and 
deficient installation, and repair defective areas. 
2; Provide continuous inspection of vapor retarder during concrete placement and make 


necessary repairs to damaged areas as Work progresses. 


Notify the Engineer and testing and inspection agencies at least 24 hours prior to 
commencement of concrete placement. 
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C: Do not add water to concrete during delivery, at Project site, or during placement. 
1. Do not add water to concrete after adding high-range water-reducing admixtures to 
mixture. 
2: Delivery trucks shall have the water tank completely disconnected from the drum. 
D. Transportation: Concrete, after being discharged from the mixer, shall be transported as 


rapidly as possible to its final position in the Work by agitator trucks, which shall prevent 
adulteration, segregation, loss of workability or contamination of the ingredients. The 
containers that convey the concrete shall be kept clean and free from hardened or partially 
hardened concrete. 


E. The use of chutes, spouts, skips and pumps shall be permitted if approval is obtained. Under 
no circumstances shall any aluminum pipe or other conveying equipment containing 
aluminum be allowed to contact fresh concrete when it is conveyed to its point of placement. 


F. Deposit concrete continuously in one layer or in horizontal layers of such thickness that no 
new concrete is placed on concrete that has hardened enough to cause seams or planes of 
weakness. Where placement consists of several layers, place each layer while the preceding 
layer is still plastic to avoid cold joints. 


1. If a section cannot be placed continuously, provide construction joints as specified. 
: Deposit concrete to avoid segregation. 
3. Deposit concrete in horizontal layers of depth not to exceed formwork design 
pressures and in a manner to avoid inclined construction joints. 
4. Consolidate placed concrete with mechanical vibrating equipment in accordance with 


ACI 301 and ACI 309R. 


a. Do not use vibrators to transport concrete inside forms. 

b. Insert and withdraw vibrators vertically at uniformly spaced locations to 
rapidly penetrate placed layer and at least 150 mm into preceding layer. 

c. Do not insert vibrators into lower layers of concrete that have begun to lose 
plasticity. 

d. At each insertion, limit duration of vibration to time necessary to consolidate 


concrete, and complete embedment of reinforcement and other embedded 
items without causing mixture constituents to segregate. 


e. Concrete shall not be dropped into place from a height exceeding 1.5 m nor 
through dense reinforcing steel, which could cause segregation of the coarse 
aggregate. 

f. Structural concreting against open excavation will not be permitted unless 


approved by the engineer, after compliance with cover requirements, as the 
concrete cannot be coated afterwards. 

g. If agreed by the Engineer, when vertical lifts of concrete are interrupted or 
delayed for more than one hour, the surface of the unfinished concrete shall be 
thoroughly cleaned and washed with cement grout immediately before fresh 
concrete is added and the first layer of new concrete placed shall not exceed 
150mm depth and particular care shall be taken with compaction of this new 
layer to ensure good bond. 

h. Method of pouring and pouring sequence shall be submitted by the Contractor 
to the Engineer’s approval. 
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G. Deposit and consolidate concrete for floors and slabs in a continuous operation, within 
limits of construction joints, until placement of a panel or section is complete. 


a 


SDS GREE 


8. 


Do not place concrete floors and slabs in a checkerboard sequence. 

Consolidate concrete during placement operations, so concrete is thoroughly worked 
around reinforcement and other embedded items and into corners. 

Maintain reinforcement in position on chairs during concrete placement. 

Screed slab surfaces with a straightedge and strike off to correct elevations. 

Level concrete, cut high areas, and fill low areas. 

Slope surfaces uniformly to drains where required. 

Begin initial floating using bull floats or darbies to form a uniform and open-textured 
surface plane, before excess bleedwater appears on the surface. 

Do not further disturb slab surfaces before starting finishing operations. 


H. Hot-Weather Placement: Comply with ACI 301 and ACI 305R and as follows: 


1. 


Maintain concrete temperature below 35 deg. C at time of placement. Chilled mixing 
water or chopped ice may be used to control temperature, provided water equivalent 
of ice is calculated to total amount of mixing water. Using liquid nitrogen to cool 
concrete is Contractor's option. 

Fog-spray forms, steel reinforcement, and subgrade just before placing concrete. 
Keep subgrade uniformly moist without standing water, soft spots, or dry areas. 

No concreting operation shall be carried out at ambient temperature of 40 deg. C or 
more. 

Cover reinforcing steel with water-soaked burlap if it becomes too hot, so that steel 
temperature will not exceed the ambient air temperature immediately before 
embedding in concrete. 

Fog spray forms, reinforcing steel, and subgrade just before placing concrete. Keep 
subgrade moisture uniform without puddles or dry areas. 

Use water-reducing retarding admixture when required by high temperatures, low 
humidity, or other adverse placing conditions, as acceptable to the Engineer. 

Shade mixing plant and trucks, aggregates, water tank, and cement silo. 

Paint white the mixing plant, trucks, water tank, and cement silo. 

Insulate the water tank and supply piping. 

Provide necessary shades over and around the concrete being poured to prevent sun 
rays from coming into direct contact with the surface of the concrete and the 
formwork for a period of about 7 days (minimum from the time of pouring concrete). 
Concrete placing shall be completed as quickly as possible to reduce transit time. 
Curing of exported concrete shall be immediately carried out. 


3.7 FINISHING FORMED SURFACES 


A. As-Cast Surface Finishes: 


1. ACI 301 (ACI 301M) Surface Finish SF-1.0: As-cast concrete texture imparted by 
form-facing material. 
a. No formwork facing material is specified. 
b. Patch voids larger than 35 mm wide or 13 mm deep. 
c. Remove projections larger than 25 mm. 
d. Tie holes do not require patching. 
e. Surface Tolerance: ACI 117 (ACI 117M) Class D. 
f. Apply to concrete surfaces not exposed to public view. 
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ACI 301 (ACI 301M) Surface Finish SF-2.0: As-cast concrete texture imparted by 
form-facing material, arranged in an orderly and symmetrical manner with a 
minimum of seams. 


Patch voids larger than 20 mm wide or 13 mm deep. 

Remove projections larger than 6 mm. 

Patch tie holes. 

Surface Tolerance: ACI 117 (ACI 117M) Class B. 

Locations: Apply to concrete surfaces to receive a rubbed finish, or to be 
covered with a coating or covering material applied directly to concrete. 


eaogR 


ACI 301 (ACI 301M) Surface Finish SF-3.0: 


a. Patch voids larger than 20 mm wide or 13 mm deep. 

b. Remove projections larger than 3 mm. 

Cc. Patch tie holes. 

d. Surface Tolerance: ACI 117 (ACI 117M) Class A. 

e. Locations: Apply to concrete surfaces exposed to public view. 

B. Smooth-Formed Finish: As-cast concrete texture imparted by form-facing material, 
arranged in an orderly and symmetrical manner with a minimum of seams. Repair and patch 
tie holes and defective areas. Remove fins and other projections exceeding 3 mm in height. 
1. Apply to concrete surfaces exposed to public view or to be covered with a coating or 

covering material applied directly to concrete, such as waterproofing, dampproofing, 
veneer plaster, or painting. 

2. Do not apply rubbed finish to smooth-formed finish. 

C. Related Unformed Surfaces: 

1. At tops of walls, horizontal offsets, and similar unformed surfaces adjacent to formed 
surfaces, strike off smooth and finish with a color and texture matching adjacent 
formed surfaces. 

2. Continue final surface treatment of formed surfaces uniformly across adjacent 
unformed surfaces unless otherwise indicated. 

3.8 FINISHING FLOORS AND SLABS 

A. Comply with ACI 302.1R recommendations for screeding, restraightening, and finishing 
operations for concrete surfaces. Do not wet concrete surfaces. 

B. Scratch Finish: 

1. While still plastic, texture concrete surface that has been screeded and bull-floated or 
darbied. 

2. Use stiff brushes, brooms, or rakes to produce a profile depth of 6 mm in one 
direction. 

3: Apply scratch finish to surfaces to receive concrete floor toppings. 

C. Float Finish: 

1. When bleedwater sheen has disappeared and concrete surface has stiffened 
sufficiently to permit operation of specific float apparatus, consolidate concrete 
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3: 


surface with power-driven floats or by hand floating if area is small or inaccessible to 
power-driven floats. 

Repeat float passes and restraightening until surface is left with a uniform, smooth, 
granular texture and complies with ACI117 (ACI A117M) tolerances for 
conventional concrete. 

Apply float finish to surfaces to receive trowel finish. 


D. Trowel Finish: 


1. After applying float finish, apply first troweling and consolidate concrete by hand or 
power-driven trowel. 

2: Continue troweling passes and restraighten until surface is free of trowel marks and 
uniform in texture and appearance. 

3. Grind smooth any surface defects that would telegraph through applied coatings or 
floor coverings. 

4. Do not add water to concrete surface. 

5. Do not apply hard-troweled finish to concrete, which has a total air content greater 
than 3 percent. 

6. Apply a trowel finish to surfaces exposed to view or to be covered with resilient 
flooring, carpet, ceramic or quarry tile set over a cleavage membrane, paint, or 
another thin-film-finish coating system. 

7. Finish surfaces to the following tolerances, in accordance with ASTM E1155, for a 
randomly trafficked floor surface: 

a. Slabs on Ground: 
1) Finish and measure surface so gap at any point between concrete surface 
and an unleveled, freestanding, 3-m-long straightedge resting on two 
high spots and placed anywhere on the surface does not exceed 3 mm 
and 1.6 mm in 610 mm. 
2) Specified overall values of flatness, FF 25; and of levelness, FL 20; with 
minimum local values of flatness, Fr 17; and of levelness, F, 15. 
3) Specified overall values of flatness, Fr 35; and of levelness, Fy 25; with 
minimum local values of flatness, Fr 24; and of levelness, Fy 17. 
4) Specified overall values of flatness, Fr 45; and of levelness, Fy 35; with 
minimum local values of flatness, Fr 30; and of levelness, Fy 24. 
5) Specified overall values of flatness, Fr 50; and of levelness, Fy 25; with 
minimum local values of flatness, Fe 40; and of levelness, Fy 17. 
b. Suspended Slabs: 
1) Finish and measure surface so gap at any point between concrete surface 
and an unleveled, freestanding, 3-m-long straightedge resting on two 
high spots and placed anywhere on the surface does not exceed 3 mm 
and 1.6 mm in 610 mm. 
2) Specified overall values of flatness, Fr 25; and of levelness, Fy 20; with 
minimum local values of flatness, Fr 17; and of levelness, F, 15. 
3) Specified overall values of flatness, Fr 35; and of levelness, Fy 20; with 
minimum local values of flatness, Fr 24; and of levelness, Fy 15. 
4) Specified overall values of flatness, Fr 45; and of levelness, Fy 35; with 
minimum local values of flatness, Fr 30; and of levelness, Fy 24. 
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3.9 


Trowel and Fine-Broom Finish: Apply a first trowel finish to surfaces indicated on 
Drawings. While concrete is still plastic, slightly scarify surface with a fine broom 
perpendicular to main traffic route. 


1. Coordinate required final finish with the Engineer before application. 
2. Comply with flatness and levelness tolerances for trowel-finished floor surfaces. 


Broom Finish: Apply a broom finish to exterior concrete platforms, steps, ramps, and 
locations indicated on Drawings. 


1. Immediately after float finishing, slightly roughen trafficked surface by brooming 
with fiber-bristle broom perpendicular to main traffic route. 
2: Coordinate required final finish with the Engineer before application. 


Slip-Resistive Finish: Before final floating, apply slip-resistive aggregate finish to concrete 
stair treads, platforms, ramps, and as indicated on Drawings 


1. Apply in accordance with manufacturer's written instructions and as follows: 


a. Uniformly spread 12 kg/10 sq. m of dampened slip-resistive aggregate over 
surface in one or two applications. 
Z Tamp aggregate flush with surface, but do not force below surface. 
c. After broadcasting and tamping, apply float finish. 
d. After curing, lightly work surface with a steel wire brush or an abrasive stone 
and water to expose slip-resistive aggregate. 


Dry-Shake Floor Hardener Finish: After initial floating, apply mineral dry-shake floor 
hardener to surfaces in accordance with manufacturer's written instructions and as follows: 


1. Uniformly apply dry-shake floor hardener at a rate of 49 kg/10 sq. m unless greater 
amount is recommended by manufacturer. 


2: Uniformly distribute approximately two-thirds of dry-shake floor hardener over 
surface by hand or with mechanical spreader, and embed by power floating. 
3. Follow power floating with a second mineral dry-shake floor hardener application, 


uniformly distributing remainder of material, and embed by power floating. 

4. After final floating, apply a trowel finish. 

5: Cure concrete with curing compound recommended by dry-shake floor hardener 
manufacturer and apply immediately after final finishing. 


INSTALLATION OF MISCELLANEOUS CONCRETE ITEMS 


Filling In: 

1. Fill in holes and openings left in concrete structures after Work of other trades is in 
place unless otherwise indicated. 

2. Mix, place, and cure concrete, as specified, to blend with in-place construction. 

3. Provide other miscellaneous concrete filling indicated or required to complete the 
Work. 


Curbs: Provide monolithic finish to interior curbs by stripping forms while concrete is still 
green and by steel-troweling surfaces to a hard, dense finish with corners, intersections, and 
terminations slightly rounded. 
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C: Equipment Bases and Foundations: 

1. Coordinate sizes and locations of concrete bases with actual equipment provided. 

2. Construct concrete bases with thickness as indicated on Drawings, and extend base 
not less than 150 mm in each direction beyond the maximum dimensions of 
supported equipment unless otherwise indicated on Drawings, or unless required for 
seismic anchor support. 

3: Minimum Compressive Strength on cylinder at 28 days: as per Class B concrete mix 
35 MPa. 

4. Install dowel rods to connect concrete base to concrete floor. Unless otherwise 
indicated, install dowel rods on 450-mm centers around the full perimeter of concrete 
base. 

5. For supported equipment, install epoxy-coated anchor bolts that extend through 
concrete base and anchor into structural concrete substrate. 

6. Prior to pouring concrete, place and secure anchorage devices. 

a. Use setting drawings, templates, diagrams, instructions, and directions 
furnished with items to be embedded. 
Cast anchor-bolt insert into bases. 

c. Install anchor bolts to elevations required for proper attachment to supported 
equipment. 

D. Steel Pan Stairs: Provide concrete fill for steel pan stair treads, landings, and associated 
items. 

1. Cast-in inserts and accessories, as shown on Drawings. 

pa Screed, tamp, and trowel finish concrete surfaces. 

E. Tolerance and concrete dimensions for in-situ concrete members shall, under no 
circumstances, exceed the permissible ones as indicated in the ACI. 

3.10 CONCRETE CURING 

A. Protect freshly placed concrete from premature drying and excessive cold or hot 
temperatures. 

1. Comply with ACI 301 (ACI 301M) and ACI 306.1 for cold weather protection during 
curing. 

2. Comply with ACI 301 (ACI 301M) and ACI 305.1 (ACI 305.1M) for hot-weather 
protection during curing. 

3. Maintain moisture loss no more than 1 kg/sq.m x h, calculated in accordance with 
ACI 305.1, before and during finishing operations. 

B. Evaporation Retarder: Apply evaporation retarder to unformed concrete surfaces if hot, dry, 
or windy conditions cause moisture loss approaching 1 kg/sq.m x h before and during 
finishing operations. Apply in accordance with manufacturer's written instructions after 
placing, screeding, and bull floating or darbying concrete, but before float finishing. 

C. Curing Formed Surfaces: Comply with ACI 308.1 (ACI 308.1M) as follows: 

1. Cure formed concrete surfaces, including underside of beams, supported slabs, and 
other similar surfaces. 
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2. Cure concrete containing color pigments in accordance with color pigment 
manufacturer's instructions. 

3. If forms remain during curing period, moist cure after loosening forms. 

4. If removing forms before end of curing period, continue curing for remainder of 


curing period, as follows: 


a. 


b. 


Continuous Fogging: Maintain standing water on concrete surface until final 
setting of concrete. 

Continuous Sprinkling: Maintain concrete surface continuously wet. 
Absorptive Cover: Pre-dampen absorptive material before application; apply 
additional water to absorptive material to maintain concrete surface 
continuously wet. 

Water-Retention Sheeting Materials: Cover exposed concrete surfaces with 
sheeting material, taping, or lapping seams. 

Membrane-Forming Curing Compound: Apply uniformly in continuous 
operation by power spray or roller in accordance with manufacturer's written 
instructions. 


1) Recoat areas subject to heavy rainfall within three hours after initial 
application. 
2) Maintain continuity of coating and repair damage during curing period. 


D. Curing Unformed Surfaces: Comply with ACI 308.1 (ACI 308.1M) as follows: 


1. Begin curing immediately after finishing concrete. 
2. Interior Concrete Floors: 
a. Floors to Receive Floor Coverings Specified in Other Sections: Contractor has 
option of the following: 

1) Absorptive Cover: As soon as concrete has sufficient set to permit 
application without marring concrete surface, install prewetted 
absorptive cover over entire area of floor. 

a) Lap edges and ends of absorptive cover not less than 300-mm. 
b) Maintain absorptive cover water saturated, and in place, for 
duration of curing period, but not less than seven days. 

2) Moisture-Retaining-Cover Curing: Cover concrete surfaces with 
moisture-retaining cover for curing concrete, placed in widest 
practicable width, with sides and ends lapped at least 300 mm, and 
sealed by waterproof tape or adhesive. 

a) Immediately repair any holes or tears during curing period, using 
cover material and waterproof tape. 
b) Cure for not less than seven days. 

3) Ponding or Continuous Sprinkling of Water: Maintain concrete surfaces 
continuously wet for not less than seven days, utilizing one, or a 
combination of, the following: 

a) Water. 
b) Continuous water-fog spray. 
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b. Floors to Receive Penetrating Liquid Floor Treatments: Contractor has option 
of the following: 


1) Absorptive Cover: As soon as concrete has sufficient set to permit 
application without marring concrete surface, install prewetted 
absorptive cover over entire area of floor. 

a) Lap edges and ends of absorptive cover not less than 300 mm. 
b) Maintain absorptive cover water saturated, and in place, for 
duration of curing period, but not less than seven days. 

2) Moisture-Retaining-Cover Curing: Cover concrete surfaces with 
moisture-retaining cover for curing concrete, placed in widest 
practicable width, with sides and ends lapped at least 300 mm, and 
sealed by waterproof tape or adhesive. 

a) Immediately repair any holes or tears during curing period, using 
cover material and waterproof tape. 
b) Cure for not less than seven days. 

3) Ponding or Continuous Sprinkling of Water: Maintain concrete surfaces 
continuously wet for not less than seven days, utilizing one, or a 
combination of, the following: 

a) Water. 
b) Continuous water-fog spray. 
c. Floors to Receive Polished Finish: Contractor has option of the following: 

1) Absorptive Cover: As soon as concrete has sufficient set to permit 
application without marring concrete surface, install prewetted 
absorptive cover over entire area of floor. 

a) Lap edges and ends of absorptive cover not less than 300 mm. 
b) Maintain absorptive cover water saturated, and in place, for 
duration of curing period, but not less than seven days. 

2) Ponding or Continuous Sprinkling of Water: Maintain concrete surfaces 
continuously wet for not less than seven days, utilizing one, or a 
combination of, the following: 

a) Water. 
b) Continuous water-fog spray. 
d. Floors to Receive Chemical Stain: 

1) As soon as concrete has sufficient set to permit application without 
marring concrete surface, install curing paper over entire area of floor. 

2) Install curing paper square to building lines, without wrinkles, and in a 
single length without end joints. 

3) Butt sides of curing paper tight; do not overlap sides of curing paper. 

4) Leave curing paper in place for duration of curing period, but not less 


than 28 days. 
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3.11 TOLERANCES 


e. Floors to Receive Urethane Flooring: 


1) 


As soon as concrete has sufficient set to permit application without 
marring concrete surface, install prewetted absorptive cover over entire 
area of floor. 


2) Rewet absorptive cover, and cover immediately with polyethylene 
moisture-retaining cover with edges lapped 150 mm and sealed in place. 
3) Secure polyethylene moisture-retaining cover in place to prohibit air 
from circulating under polyethylene moisture-retaining cover. 
4) Leave absorptive cover and polyethylene moisture-retaining cover in 
place for duration of curing period, but not less than 28 days. 
f. Floors to Receive Curing Compound. Curing compound shall be approved by 


the Engineer: 


1) Apply uniformly in continuous operation by power spray or roller in 
accordance with manufacturer's written instructions. 

2) Recoat areas subjected to heavy rainfall within three hours after initial 
application. 

3) Maintain continuity of coating, and repair damage during curing period. 

4) Removal: After curing period has elapsed, remove curing compound 
without damaging concrete surfaces by method recommended by curing 
compound manufacturer, unless manufacturer certifies curing compound 
does not interfere with bonding of floor covering used on Project. 

g. Floors to Receive Curing and Sealing Compound: 

1) Apply uniformly to floors and slabs indicated in a continuous operation 
by power spray or roller in accordance with manufacturer's written 
instructions. 

2) Recoat areas subjected to heavy rainfall within three hours after initial 
application. 

3) Repeat process 24 hours later, and apply a second coat. Maintain 


continuity of coating, and repair damage during curing period. 


A. Conform to ACI 117 (ACI 117M). 


3.12 APPLICATION OF LIQUID FLOOR TREATMENTS 


A. Penetrating Liquid Floor Treatment: Prepare, apply, and finish penetrating liquid floor 
treatment in accordance with manufacturer's written instructions. 


1. 


2 
3. 


Remove curing compounds, sealers, oil, dirt, laitance, and other contaminants and 
complete surface repairs. 

Do not apply to concrete that is less than seven days' old. 

Apply liquid until surface is saturated, scrubbing into surface until a gel forms; rewet; 
and repeat brooming or scrubbing. 

Rinse with water; remove excess material until surface is dry. 

Apply a second coat in a similar manner if surface is rough or porous. 
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B. Sealing Coat: Uniformly apply a continuous sealing coat of curing and sealing compound to 
hardened concrete by power spray or roller in accordance with manufacturer's written 
instructions. 


3.13 JOINT FILLING 


A. Adjust joint straightness and verticality of sides, prepare, clean, and install joint filler in 
accordance with manufacturer's written instructions. 


1. Defer joint filling until concrete has aged at least three months. 
2: Do not fill joints until construction traffic has permanently ceased. 
B. Remove dirt, debris, saw cuttings, curing compounds, and sealers from joints; leave contact 


faces of joints clean and dry. 


C. Install semirigid joint filler full depth in saw-cut joints and at least 50 mm deep in formed 
joints. 


D.  Overfill joint, and trim joint filler flush with top of joint after hardening. 


3.14 CONCRETE SURFACE REPAIRS 


A. Defective Concrete: 
1. Repair and patch defective areas when approved by Engineer. 
2. Remove and replace concrete that cannot be repaired and patched to Engineer's 
approval. 
B. Concrete not meeting the specified requirements shall be removed and rebuilt without delay 


unless the Engineer approves that a repair may be satisfactorily effected. This agreement 
shall not preclude the subsequent rejection of the repaired work by the Engineer. The 
proposed method for removal and replacement of defective work shall be submitted to the 
Engineer for approval for each concrete placement before the removal commences. 


C All repairs approved by the Engineer shall be performed by a subcontractor specialized in 
the repair of concrete in the Project Country and prepared to guarantee the required work. 
Any repair method submitted for approval shall produce a result that is as impermeable as 
the original concrete. Subsequent tests on the repaired concrete shall be carried out at the 
discretion of the Engineer in order to establish the quality of the repair, particularly at the 
joint between the original and the repaired concrete. 


D. Patching Mortar: Mix dry-pack patching mortar, consisting of 1 part Portland cement to 2- 
1/2 parts fine aggregate passing a 1.2 mm sieve, using only enough water for handling and 
placing. The strength of the mortar shall be at least twenty percent more than the strength of 
the substrate concrete. 


E. Repairing Formed Surfaces: Concrete exposed by the removal of formwork shall be 
inspected by the Engineer before any remedial work, subsequent coating or other treatment 
that would hinder the proper inspection of the concrete is carried out. Any concrete not 
complying with this requirement shall be liable for rejection. 
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Surface defects include color and texture irregularities, cracks, spalls, air bubbles, 
honeycombs, rock pockets, fins and other projections on the surface, and stains and other 
discolorations that cannot be removed by cleaning. 


1. Immediately after form removal, cut out honeycombs, rock pockets, and voids more 
than 13 mm in any dimension to solid concrete. 

a. Limit cut depth to 25 mm. 

b. Make edges of cuts perpendicular to concrete surface. 

c. Clean, dampen with water, and brush-coat holes and voids with bonding agent. 

d. Fill and compact with patching mortar before bonding agent has dried. 

e. Fill form-tie voids with patching mortar or cone plugs secured in place with 
bonding agent. 

2. Repair defects on surfaces exposed to view by blending white Portland cement and 
standard Portland cement, so that, when dry, patching mortar matches surrounding 
color. 

a. Patch a test area at inconspicuous locations to verify mixture and color match 
before proceeding with patching. 

b. Compact mortar in place and strike off slightly higher than surrounding 
surface. 

3. Repair defects on concealed formed surfaces that will affect concrete's durability and 
structural performance as determined by Engineer. 

F. Repairing Unformed Surfaces: 

1. Test unformed surfaces, such as floors and slabs, for finish, and verify surface 
tolerances specified for each surface. 

a. Correct low and high areas. 

b. Test surfaces sloped to drain for trueness of slope and smoothness; use a sloped 
template. 

2; Repair finished surfaces containing surface defects, including spalls, popouts, 
honeycombs, rock pockets, crazing, and cracks in excess of 0.25 mm wide or that 
penetrate to reinforcement or completely through unreinforced sections regardless of 
width, and other objectionable conditions. 

3. After concrete has cured at least 14 days, correct high areas by grinding. 

4. Correct localized low areas during, or immediately after, completing surface-finishing 
operations by cutting out low areas and replacing with patching mortar. 

a. Finish repaired areas to blend into adjacent concrete. 

5. Correct other low areas scheduled to receive floor coverings with a repair 
underlayment. 

a. Prepare, mix, and apply repair underlayment and primer in accordance with 
manufacturer's written instructions to produce a smooth, uniform, plane, and 
level surface. 

b. Feather edges to match adjacent floor elevations. 
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3.15 


Correct other low areas scheduled to remain exposed with repair topping. 


a. Cut out low areas to ensure a minimum repair topping depth of 6 mm to match 
adjacent floor elevations. 
b. Prepare, mix, and apply repair topping and primer in accordance with 


manufacturer's written instructions to produce a smooth, uniform, plane, and 
level surface. 


Repair defective areas, except random cracks and single holes 25 mm or less in 
diameter, by cutting out and replacing with fresh concrete. 


a. Remove defective areas with clean, square cuts, and expose steel reinforcement 
with at least a 20 mm clearance all around. 

b. Dampen concrete surfaces in contact with patching concrete and apply bonding 
agent. 

c. Mix patching concrete of same materials and mixture as original concrete, 


except without coarse aggregate. 
Place, compact, and finish to blend with adjacent finished concrete. 
e. Cure in same manner as adjacent concrete. 


Repair random cracks and single holes 25 mm or less in diameter with patching 
mortar. 


a. Groove top of cracks and cut out holes to sound concrete, and clean off dust, 
dirt, and loose particles. 

Dampen cleaned concrete surfaces and apply bonding agent. 

Place patching mortar before bonding agent has dried. 

Compact patching mortar and finish to match adjacent concrete. 

Keep patched area continuously moist for at least 72 hours. 


nang 


Perform structural repairs of concrete, subject to Engineer's approval, using epoxy adhesive 
and patching mortar. 


Repair materials and installation not specified above may be used, subject to Engineer's 
approval. 

GROUTING 

Preparation: Concrete foundation top shall be cleaned of dirt, laitance, oil and grease. 
Anchor bolt boxes and sleeves shall be cleaned of all polystyrene and other deleterious 
material. The surface of the concrete shall be thoroughly wetted just prior to grouting but 


shall contain no excess water, particularly in the bolt boxes and sleeves. 


Materials: 


Type G1: For interior bases protected from weather and saline bearing waters and not 
subject to heavy or vibratory loads, grout shall consist of one part Portland cement to 
two parts well graded sand by volume. Sand shall comply with Paragraph 2.2 C. 2 
above2.2 C. 2. A retarding superplasticizer may be used if necessary to obtain the 
correct fluidity in high ambient temperatures. 

Type G2: For all heavily loaded structural column bases and equipment bases 
subjected to vibratory loads, a proprietary non-shrink, non-metallic high strength 
grout especially formulated for high-temperature work. 
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G. 


3.16 


3: 


Type G3: For all other exterior work exposed to potential saline ingress, a proprietary 
general purpose non-shrink grout, especially formulated for high temperature work. 


Placement: 


1. 


The manufacturer’s recommendations shall be followed for proprietary grouts. The 
temperature of the grout at time of placement shall not exceed 25 deg. C and the 
temperature of the elements in contact with the grout shall not exceed 40 deg. C. To 
obtain the required temperatures, it may be necessary to do the following: 


a. Shield the materials from the direct rays of the sun. 
Mix materials with flaked ice. 

c. Cool base plates with water but ensure that anchor bolt pockets are free from 
water. 

d. Require certification of plant and trucks to meet requirements of the NRMCA 
Check List or approved equal. 


Grout strength shall not be less than 30 N/sq. mm at 28 days. Document to Engineer 
that this strength is being achieved. Grouting shall not proceed until the steel work or 
equipment has been leveled and plumbed with the bases being supported in the 
meantime by steel packers and shims. 

Completely fill anchor bolt sleeves with grout before placing grout under base plates. 
The gravity grouting method shall be used wherein the flowable self-leveling grout is 
poured on one side of a base until it flows out at the opposite side. Packers and shims 
used to level bases shall be removed after the grout has set and the resulting pocket 
repaired with similar grout. 


FIELD QUALITY CONTROL AND TESTING 


Testing Agency: Engage a qualified and independent testing and inspecting agency, 
approved by the Engineer, to perform tests and inspections and to submit reports. 


1. 


Testing agency shall be responsible for providing curing container for composite 
samples on Site and verifying that field-cured composite samples are cured in 
accordance with ASTM C31/C31M. 

Testing agency shall immediately report to Engineer, Contractor, and concrete 
manufacturer any failure of Work to comply with Contract Documents. 

Testing agency shall report results of tests and inspections, in writing, to Owner, 
Engineer, Contractor, and concrete manufacturer within 48 hours of inspections and 
tests. 


a. Test reports shall include reporting requirements of ASTM C31/C31M, 
ASTM C39/C39M, and ACI 301, including the following as applicable to each 
test and inspection: 


1) Date, time, location, and volume of pour. 

2) Ambient temperature and humidity. 

3) Concrete temperature (at time of placement). 
4) Cement type and manufacture. 

5) Concrete type and class. 

6) Aggregate type and source. 

7) Admixture details. 

8) Water/cement ratio. 
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9) Identification of test cylinder. 

10) Name of concrete testing service. 

11) Date and time of sampling. 

12) Method of compaction. 

13) Date of testing and results of test. 

14) Age of sample in days, weight in grams, density in kg/cu. m. 

15) Crushing load in newtons and crushing strength in N/sq. mm. 

16) Signatures of person preparing cylinder and of person crushing cylinder. 
17) Results of compressive strength and permeability testing. 

18) Compressive breaking strength, and type of break for both 7- and 28- 


days tests. 
B. Inspections: 
1. Headed bolts and studs. 
2. Verification of use of required design mixture. 
3. Concrete placement, including conveying and depositing. 
4. Curing procedures and maintenance of curing temperature. 
5. Verification of concrete strength before removal of shores and forms from beams and 


6. 


slabs. 
Batch Plant Inspections: On a random basis, as determined by Engineer. 


C. Concrete Tests: Testing of composite samples of fresh concrete obtained in accordance with 
ASTM C 172/C 172M shall be performed in accordance with the following requirements: 


1. Testing Frequency: Samples for production concrete cylinders shall be taken in 
accordance with ASTM C31/C31M at the point of placement, at the average rate of 
one per 25 cu. m of concrete placed, with a minimum of one sample taken every day 
that the mix is used. A sample shall consist of four 150 mm cylinders molded and 
stored for laboratory-cured test specimens except when field-cured test specimens are 
required. 

a. When frequency of testing provides fewer than five compressive-strength tests 
for each concrete mixture, testing shall be conducted from at least five 
randomly selected batches or from each batch if fewer than five are used. 

b. When total quantity of a given class of concrete is less than 25 cu. m, the 
Engineer may waive strength testing if adequate evidence of satisfactory 
strength is provided. 

c. Samples shall be collected and tested for all permeability testing, from 
structural concrete classes , as specified under Clause 2.10M, Obtain minimum 
of one set of specimens (3 cores taken from test sample) for every 120 cu.m. of 
poured concrete of each concrete mix, as approved by the Engineer. All test 
specimens should comply with the specified limits. The Engineer may require 
additional testing, as deemed necessary. 

2. Slump: ASTM C143/C143M: 

a. One test at point of placement for each composite sample, but not less than one 
test for each day's pour of each concrete mixture. 

b. Perform additional tests when concrete consistency appears to change. 
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3. Slump Flow: ASTM C1611/C1611M: 


a. One test at point of placement for each composite sample, but not less than one 
test for each day's pour of each concrete mixture. 
b. Perform additional tests when concrete consistency appears to change. 


4. Air Content: ASTM C231/C231M pressure method, for normal-weight concrete. 


a. One test for each composite sample, but not less than one test for each day's 
pour of each concrete mixture. 


5. Concrete Temperature: ASTM C1064/C1064M: 


a. Concrete temperature shall be measured 50 mm below the surface prior to and 
at the point of placement and recorded on the pour card for each pour. There 
shall be one test hourly when air temperature is 4 deg.C and below and when 
air temperature is 27 deg.C and above, and one test for each set of 
compressive-strength specimens. Concreting shall stop if the temperature of 
the concrete does not meet the requirements of Paragraph 3.6 H. 


6. Compressive-Strength Tests: ASTM C39/C39M. 


a. Test two cylinders at 7 days after casting, test two cylinders at 28 days after 
casting, and one reserved for later testing if required. For testing required at 56- 
days, additional concrete samples shall be collected. 


7. When strength of field-cured cylinders is less than 85 percent of companion 
laboratory-cured cylinders, Contractor shall evaluate operations and provide 
corrective procedures for protecting and curing in-place concrete. 

8. For the 28-day tests, the concrete will be deemed to comply with the specified design 
strength if the average strength determined from all sets of 3 consecutive tests is at 
least equal to the specified design strength and no individual strength test falls below 
the specified design strength by more than 3.5 N/sq. mm if specified design strength 
is equal or less than 35 N/sq. mm, and 10 % of specified compressive strength in 
other cases, in accordance with ACI 318 standard requirements and as approved by 
the Engineer. Any concrete not complying with the specified design strength shall be 
at risk for removal and replacement at the Contractor’s expense. 

9. The 28-day cylinder crushing results shall be grouped consecutively in groups of 40 
and each group shall have a standard deviation less than 3.5 N/sq. mm if specified 
design strength is equal or less than 35 N/sq. mm, and 10 % of specified compressive 
strength in other cases, in accordance with ACI 318 standard requirements and as 
approved by the Engineer. If the standard deviation is greater than or equal to 3.5 
N/sq. mm if specified design strength is equal or less than 35 N/sq. mm, and 10 % of 
specified compressive strength in other cases, then concrete production shall be 
investigated by the Engineer and further tests on trial mixes may be required. 

10. Tests shall be carried out at 7 days to establish a relationship between the 7-day and 
28-day strengths. This relationship shall be used to interpret future test results in 
order to predict the corresponding 28-day strength. The Engineer shall be advised 
without delay of any 7-day test result indicating that the corresponding 28-day 
strength will likely fail to meet the specified strength so that any necessary action can 
be taken to minimize the effect of such possible failure. 
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11. Compressive Strength Test for Blinding or Mudmat Concrete: There shall be no 
production tests on blinding or mudmat concrete. The Engineer will require 
compressive strength tests if it is believed that the characteristic strength is below 15 
N/sq. mm. Characteristic strength is defined as that value of the cylinder strength 
below which 5 percent of all possible test results would be expected to fall. If the 
tests confirm that the characteristic strength is less than 15 N/sq.mm, then the 
Engineer will require revisions to the mix design to ensure that the concrete meets the 
specified requirements. 

12. Cement Content and Water/Cement Ratio: Samples of freshly mixed concrete shall be 
chosen by the Engineer at least once per month from each structural grade and 
determination made of cement content and water/cement ratio in accordance with BS 
1881. If the cement content is less than 90 percent of the requirement in Article 2.10 
or the water/cement ratio greater than 110 percent of the requirement in Paragraph 
2.10E. then there shall be an investigation to establish the cause and the Engineer 
may reject the casted concrete for the pour from which the samples were taken. The 
Engineer may request an analysis of fresh concrete from any pour. No analysis of 
freshly mixed concrete is required for blinding or mudmat concrete. 

13. Salt Content: The total concentrations of sulfates and chlorides in the fine and coarse 
aggregates shall be measured at least once a week for all structural grades of concrete. 
Tests shall be in accordance with BS EN 1744-1. Concentrations of each ion shall 
not exceed the limits specified in Paragraphs 2.2 C. lfor coarse aggregates, 2.2 C. 2 
for fine aggregates and 2.10H for the total salt content of concrete. If these limits are 
exceeded, the concrete pour from which the samples were taken shall be rejected and 
further tests performed on the cast concrete in accordance with Paragraph 3.16 .D to 
determine the total extent of the problem. 


D. Concrete Tests: Testing on Hardened Concrete shall be performed in accordance with the 
following requirements: 


1. General: The Engineer may request samples to be taken and tests carried out on any 
hardened structural grade concrete as specified below if he suspects that the concrete 
does not meet the specified requirements. If the tests confirm that the concrete does 
not meet the requirements of this Specification, then the Engineer may require the 
concrete to be removed at the Contractor’s expense. If the tests confirm that the 
concrete meets the requirements of this Specification, then the cost of taking the 
samples shall not be at the Contractor’s expense. 

2. Compressive Strength Tests: The Engineer may request cores to be drilled from a 
particular pour. 100 mm diameter cores shall be drilled as requested, in accordance 
with ASTM C42/C42M, and sent for crushing. If the cores from that pour have an 
average compressive strength less than 85 percent of the characteristic strength or any 
individual core has a compressive strength less than 75 percent of the characteristic 
strength, it shall be evidence that the concrete from which it was taken is not in 
accordance with the specified requirements. 

3. Concrete Cover: The Engineer may check the concrete cover over the reinforcement 
with a cover meter. Any indication that the cover is generally less than the 
requirements specified in Section 032000 shall be checked by limited surface 
concrete removal. If it is confirmed that the actual cover is generally less than 
specified, then the concrete shall be removed at the Contractor’s expense. In the case 
of localized lack of cover and where appearance is not important, a repair shall be 
affected by removal of the inadequate cover and the cutting back of concrete for 
50 mm behind the reinforcement. Resurfacing of the concrete with the specified 
cover shall be carried out as a repair by a specialist subcontractor as specified in 
Article 3.14. 
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3.17 


Absorption: A sample of three 75 mm diameter cores, 75 mm long, shall be taken 
from hardened concrete if directed by the Engineer and tested in accordance with 
Paragraph 2.10.M. Should the absorption of any core exceed by more than 1 percent 
the highest approved test result, then the concrete from which it was cut shall be 
removed. No absorption test shall be required for blinding or mudmat concrete. 
Permeability Tests: Sample of three 75 mm diameter cores, 75 mm long, shall be 
taken from hardened concrete if directed by the Engineer and tested in accordance 
with Paragraph 2.10 .M. Should the permeability of any core exceed the highest 
approved test result, then the concrete from which it was cut shall be removed. No 
permeability test shall be required for blinding or mudmat concrete. 

Salt Content: Engineer may request samples to be taken from two 20 mm diameter 
drillings into the concrete surface, spaced 75 mm apart. Each drilling shall proceed in 
25 mm increments for a total depth of 100 mm and the dust from the 4 samples in 
each hole shall be sent for sulfate and chloride content analysis in accordance with 
BS 1881 Part 124. Should the tests show that the limits specified in Paragraph 2.10H 
are exceeded, the concrete shall be removed. 

Nondestructive Testing: Impact hammer, sonoscope, or other nondestructive device 
may be permitted by Engineer but will not be used as sole basis for approval or 
rejection of concrete. 

Additional Tests: 


a. Testing and inspecting agency shall make additional tests of concrete when test 
results indicate that slump, air entrainment, compressive strengths, or other 
requirements have not been met, as directed by the Engineer. 

b. Testing and inspecting agency may conduct tests to determine adequacy of 
concrete by cored cylinders complying with ASTM C42/C42M or by other 
methods as directed by the Engineer. 


1) Acceptance criteria for concrete strength shall be in accordance with 
ACI 301, Section 1.7.6. 


Additional testing and inspecting, at Contractor's expense, will be performed to determine 
compliance of replaced or additional work with specified requirements. 


Correct deficiencies in the Work that test reports and inspections indicate do not comply 
with the Contract Documents. 


PROTECTION 


Protect concrete surfaces as follows: 


POV ee a e 


Protect from petroleum stains. 

Diaper hydraulic equipment used over concrete surfaces. 

Prohibit vehicles from interior concrete slabs. 

Prohibit use of pipe-cutting machinery over concrete surfaces. 

Prohibit placement of steel items on concrete surfaces. 

Prohibit use of acids or acidic detergents over concrete surfaces. 

Protect liquid floor treatment from damage and wear during the remainder of 
construction period. Use protective methods and materials, including temporary 
covering, recommended in writing by liquid floor treatments installer. 


END OF SECTION 033000 
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SECTION 033050 - MASSIVE CAST-IN-PLACE CONCRETE 


PART 1 - GENERAL 


1.1 


A. 


1.2 


1.3 


1.4 


A. 


RELATED DOCUMENTS 


Drawings and general provisions of the Contract, including general and Particular 
Conditions and Division 1 Specification Sections, apply to this Section. 


SUMMARY 
This Section specifies massive cast-in-place concrete for all structural concrete 


elements/members with minimum dimension > 1.3m, including formwork, reinforcement, 
concrete materials, mix design, placement procedures, and finishes. 


Related Sections include the following: 


1. Division 3 Section 033000 "Cast-in-place Concrete". 


DEFINITIONS 


Refer to Section 033000. 


SUBMITTALS 
In addition to the requirements of section 033000, submit method statement to massive 


concrete placement including materials, equipment, labour, logistics, joints location and the 
like to the Engineer’s approval prior to starting the works. 


QUALITY ASSURANCE 


Refer to Section 033000. 


DELIVERY, STORAGE, AND HANDLING 


Refer to Section 033000. 


PART 2 - PRODUCTS 


2.1 FORM-FACING MATERIALS 
A. Refer to Section 033000. 
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2.2 STEEL REINFORCEMENT 
A. Refer to Section 033000. 
2.3 REINFORCEMENT ACCESSORIES 
A. Refer to section 033000. 
2.4 CONCRETE MATERIALS 
A. Portland Cement: Cement shall be low alkali in accordance with Table 1 of 
ASTM C 150/C150M. The magnesia content shall be limited to 4 percent by weight of 
cement, as tested in accordance with ASTM C 114. Use one brand of cement throughout 
Project unless otherwise approved by Engineer. Manufacturer’s test certification shall be 
supplied for each delivery of cement and shall confirm that the cement complies with the 
above requirements and shall be submitted not later than the day of delivery of the cement. 
Engineer shall have the right to call for tests, the cost of what are to be borne by the 
Contractor, on each delivery of cement to confirm that the cement meets the following 
requirements. 
1. Use Moderate Sulfate Resisting Cement to ASTM C150 Type II or BS EN 197-1 
Type CEM I 42.5N in massive concrete structures, C3A content ranging from 5% to 
8%. The heat of hydration shall not exceed 260kj/kg at 7-days when tested in 
accordance with ASTM C186. 
B. Silica Fume: Refer to section 033000. 
C. Select supplementary cementing materials Fly ash and GGBS: Refer to section 033000. 
D. Normal-Weight Aggregates: Refer to section 033000. 
E. Water: Refer to section 033000. 
F. Micro concrete: Flowable, shrinkage compensated mortar typically pre-packed for use. It 
should satisfy the corresponding strength requirements of the concrete used for raft. 
2.5 ADMIXTURES 
A. Refer to Section 033000. 
2.6 WATERSTOPS 
A. Refer to Section 033000. 
2.7 VAPOR RETARDERS 
A. Refer to Section 033000. 
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2.8 FLOOR AND SLAB TREATMENTS 
A. Refer to Section 033000. 
2.9 CURING MATERIALS 
A. Refer to Section 033000. 
2.10 RELATED MATERIALS 
A. Refer to Section 033000. 
2.11 REPAIR MATERIALS 
A. Refer to Section 033000. 
2.12 CONCRETE MIXES 
A. Prepare design mixes for each type and strength of concrete by laboratory trial batch as 
specified in ACI 301 and under Specification Section 033000, as follows: 
1. Proportion normal-weight concrete according to ACI 211.1 and ACI 301. 
B. | Use an independent testing agency acceptable to Engineer for preparing and reporting 
proposed mix designs. 
1. Do not use the same testing agency for field quality control testing. 
C. Submit written reports to Engineer of each proposed mix for each class of concrete at least 
30 days prior to start of works. Do not begin concrete production until proposed mix 
designs have been reviewed and approved by Engineer. 
D. Design mixes to provide normal weight concrete with the following properties unless 
otherwise indicated on Drawings. 
1. Proportion normal-weight concrete mix: 
a. The concrete mix grade proportions and requirements are as specified under 
section033000 
b. Concrete mix shall include necessary additions such as GGBS or Fly Ash in 
combination with silica fume to the proportions as specified under Section 
033000 to achieve the specified durability/permeability and strength 
requirements and to meet the heat of hydration limits as specified. If silica 
fume is added in the mix, then third generation admixtures shall be used as 
specified to ensure the required workability. 
E. | Water-Cementitious Ratio: Refer to section 033000. 
F. Total Salt Content: Refer to section 033000 
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2.14 


Initial Setting Time: 


1. 


The initial setting time shall be not less than one hour after the production concrete is 
discharged into the form. With a maximum time between mixing and placing 
concrete of one hour, the total time between mixing and initial set shall be a 
minimum of 2 hours. There shall be a maximum setting time of 6 hours. 

When trial mixes are made to determine the workability of the concrete, the initial 
setting time of the cement paste shall be determined using the method defined in 
ASTM C 191 but at the maximum allowable temperature and with same proportions 
of retarding superplasticizer as specified in this Specification. 


Test Mixes - Structural Grade Concrete: Refer to section 033000 


Adjustment to Concrete Mixes: Mix design adjustments may be requested by Contractor 
when characteristics of materials, job conditions, weather, test results, or other 
circumstances warrant. Laboratory test data for revised mix design and strength results shall 
be submitted to and approved by Engineer before using in the Works. 


Absorption Test: refer to section 033000. 


Permeability Tests: refer to section 033000. 


Mock-up Trial Sample for Evaluating the Variation in Concrete Temperature: 


1. 


One mock-up samples of minimum dimensions of 3 m x3m x height of the structural 
member shall be prepared for each trial mix for the purpose of measuring the 
temperature variation inside the concrete by thermocouples as detailed in section 3.1 
below. 

Sample preparation, test procedure, and results shall be as per the Engineer’s 
approval. 


FABRICATING REINFORCEMENT 


Refer to Section 33000. 


CONCRETE MIXING 


Refer to Section 33000. 


PART 3 - EXECUTION 


3.1 


GENERAL 


Apply all the requirements indicated in part 3, Section 33000. In addition, apply the following: 


A. 


When hot weather conditions exist that would impair quality and strength of concrete, place 
concrete complying with ACI 305R and as specified. 


1. 


Cool ingredients before mixing to maintain concrete temperature at time of placement 
as indicated in item 2 below. Mixing water may be chilled or chopped ice may be 
used to control temperature, provided water equivalent of ice is calculated to total 
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amount of mixing water. Using liquid nitrogen to cool concrete is Contractor's option 
to the Engneer’s approval. 


2. Temperature control for concrete shall comply with the following requirements: 
a. Employ effective means such as shading the aggregates, precooling mixing 


water and adding flaked ice to ensure the temperature of concrete prior to and 
including the time at which it is placed shall not exceed 30 deg. C 


b. After the concrete has been placed, its peak temperature in any part of the 
structure shall not be permitted to rise above 65 deg. C 
c. After the concrete has been placed, the maximum temperature difference 


between a point at the center of a concrete section and the adjacent surface 
shall not be greater the 20deg. C times the shortest distance, in meters, between 
the concrete section center and the surface. 

d. Employ effective means such as insulation, selection of appropriate pour cycle 
times, or heating/cooling as necessary, to ensure that at any time within 21 
days after the concrete has been placed, the temperature differential between 
any point in the freshly placed concrete of any structural element at a distance 
of 600mm from a construction joint and the corresponding point 600mm from 
the construction joint in the adjacent previously placed structural element, shall 
not exceed 20 deg. C. 


3. Ensure these limitations in the variation in temperature in the concrete through the 
following: 


a. Conducting a theoretical simulation prior to casting taking into consideration 
all the expected conditions during the casting process to ensure that the 
previously indicated temperature constraints will be satisfied. 

b. Placing thermocouples prior to casting inside the concrete core and on the 
concrete surface and bottom to monitor concrete temperature in order to 
ensure it is within the range specified in 2 above. Measurements shall be 
performed for 20% of the concrete pours. For each pour to be measured three 
sets of thermocouples (each set consist of at least three thermocouples) shall be 
installed (at middle, edge and corner) to measure the variation of heat within 
the concrete body. Measurements shall continue till concrete temperature 
reaches ambient temperature. The location of thermocouples to be proposed by 
the contractor and approved by the Engineer. 

c. Providing insulation through using impervious sheet to warm the concrete 
surface and prevent cooling of the concrete surface faster than the inner core. 


4. Cover reinforcing steel with water-soaked burlap if it becomes too hot, so that steel 
temperature will not exceed the ambient air temperature immediately before 
embedding in concrete. 


5. Fog spray forms, reinforcing steel, and subgrade just before placing concrete. Keep 
subgrade moisture uniform without puddles or dry areas. 
6. Use water-reducing retarding admixture when required by high temperatures, low 


humidity, or other adverse placing conditions, as acceptable to Engineer. 

Shade mixing plant and trucks, aggregates, water tank, and cement silo. 

Paint white the mixing plant, trucks, water tank, and cement silo. 

Insulate the water tank and supply piping. 

0. Provide necessary shades over and around the concrete being poured to prevent sun 
rays from coming into direct contact with the surface of the concrete and the 
formworks for a period of about 7 days (minimum from the time of pouring 
concrete). 


ee S00. 
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11. Concrete placing shall be completed as quickly as possible to reduce transit time. 
12. Curing of exported concrete shall be immediately carried out. 


B. If concrete cast fails to satisfy temperature variation limitations in 3.1.2, the concrete shall 
be deemed defective and not complying with temperature limitations and may be 
demolished upon the request of the Engineer. 


END OF SECTION 033050 
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SECTION 033056 - CRYSTALLINE WATERPROOFING ADMIXTURE 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 
A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 
1.2 SUMMARY 
A. Section Includes: 
1. Integral cementitious crystalline waterproofing admixture for concrete. 

B. Related Requirements: 

1. Section 033000 "Cast in Place Concrete" for general concrete applications. 
1.3 DEFINITIONS 

A. Crystalline Waterproofing Admixture: Crystalline Waterproofing is an integral 
cementitious admixture that is added to the concrete mix at the time of batching. It consists 
of Portland cement, and various active, proprietary chemicals that react chemically in the 
presence of water to develop crystalline growth within substrate capillaries, and to 
waterproof concrete from the inside. 

B. Cementitious Materials: Portland cement alone or in combination with one or more of the 
following: fly ash, ground granulated blast furnace slag, and silica fume; materials subject to 
compliance with standard requirements. 

C. Water/Cement Ratio (w/cm): The ratio by weight of water to cementitious materials. 

1.4 PREINSTALLATION MEETINGS 
A. Refer to Section 033000 "Cast-In-Place Concrete”. 
1.5 ACTION SUBMITTALS 

A. Refer to Section 033000 "Cast-In-Place Concrete" for Action Submittals. Submittals listed 
below are in addition to those specified in Section 033000. 

B. Product Data: for the following. 

1. For the Crystalline waterproofing admixtures, the Contractor/product manufacture 
shall provide the following information/test records, for the product approval: 
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a. Product Data: Provide technical data on crystalline admixtures certifying 
compliance with specified performance requirements, storage and handling 
recommendations and application instruction method. 

b. Permeability-Reducing Crystalline Admixture Formation Submittal: Provide 
scanning electron microscope (SEM) photographic report indicating crystalline 
formations that verifies crystallizing capability of waterproofing system. 

c. Independent Test Reports: 


1) Provide reports certifying compliance of crystalline admixtures with 
specified performance requirements. 
2) Reports shall include dosage rate for admixtures. 


d. Batching Test Reports: 


1) Provide reports from testing; identify admixture dosage rate, air content, 
plastic and hardened properties, slump and other properties as requested 


by the Engineer. 
C. Design Mixtures: For each concrete mixture, include the following: 
1. Include manufacturer's certification that the admixture is compatible with mix design. 
2. Include certification that dosage rate for admixture matches dosage rate used in 


performance compliance test. 


1.6 INFORMATIONAL SUBMITTALS 


A. Refer to Section 033000 "Cast-In-Place Concrete". Requirements listed below are in 
addition to those specified in Section 033000. 


B. Qualification Data: For product manufacturer. 
C. Product Certificates: For each type of waterproofing product. 


D. Product Test Reports: For each product formulation, for tests performed by manufacturer 
and witnessed by a qualified and approved testing agency. 


E. Field quality-control reports. 


1.7 QUALITY ASSURANCE 


A. Refer to Section 033000 "Cast-In-Place Concrete". Requirements listed below are in 
addition to those specified in Section 033000. 


B. Crystalline Waterproofing Admixtures: 


1. Source Quality Control: Obtain all crystalline integral waterproofing products from a 
single manufacturer. 

2. Product Certifications: Product shall be NSF/ANSI certified. 

3. Supplied product shall bear a clearly identifiable batch number and batch test 
certificates shall be made available upon request. 

4. Provide Authorities’ acceptance letters, and conformity letters with applicable 
international/local codes of practice. 
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1.8 


1.9 


A. 


B. 


5. Manufacturer: The admixture manufacturer shall have a minimum of 10 years' 
experience in manufacturing crystalline admixtures globally, with no less than 5 years 
in the local market, or as per local Authorities requirements, whichever is more 
stringent. 


a. Manufacturer shall be ISO 9001 certified. 


b. Manufacturer must be capable of providing field support and service 
representation during construction phase. 
Cc. Manufacturer/Representative must have established QA/QC procedures to 


ensure proper control and adherence at project sites. 


PRECONSTRUCTION TESTING 


Preconstruction Testing Service: Engage a qualified testing agency to perform 
preconstruction testing on each concrete mixture. 


1. Include the following information in each test report: 


Concrete Mix Proportions. 

Admixture dosage rates. 

Slump/slump measurements with time. 

Unit weight and Air content. 

Mixing Temperature. 

Initial and final setting times. 

Seven-day compressive strength. 

28-day compressive strength. 

Keep requirement for 56-day compressive strength below in case of mixes 
including high percentages of GGBS or Fly Ash. 

56-day compressive strength. 

Absorption, water permeability, and chloride ion penetration tests, and other 
permeability tests as specified in Section 033000 "Cast-In-Place Concrete". 

l. Percent Chlorides and Sulfates in the concrete. 

m. Self-Healing. 

Sulfate Chemical Resistance. 


roo mo eo op 


me 
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DELIVERY, STORAGE, AND HANDLING 


Deliver packaged waterproofing admixture materials in original undamaged containers, with 
manufacturer's labels and seals intact. 


Refer to manufacturer’s product safety data sheet for proper handling and safety 
requirements. 


PART 2 - PRODUCTS 


2.1 CONCRETE, GENERAL 
A. ACI Publications: Comply with ACI 117, ACI 301, and ACI 201.2 unless modified by 
requirements in the Contract Documents: 
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2.2 CONCRETE MATERIALS 


A. Refer to Section 033000 "Cast-In-Place Concrete". 


2.3 ADMIXTURES 


A. Refer to Section 033000 "Cast-In-Place Concrete". 


2.4 CRYSTALLINE WATERPROOFING ADMIXTURES 


A. Crystalline Waterproofing Admixtures: The product shall be an internationally recognized 
Integral Permeability-reducing crystalline admixture for hydrostatic conditions (PRAH) as 
defined by ACI 212.3R Chapter 15 or BS EN 934, with established durability and water- 
tightness performance, in conformance with the specifications: 


1. Crystalline Waterproofing mixing shall be done only at batching plant, under the 
supervision and control of a qualified admixture manufacturer representative. 
2; Dosage Rate: 


a. Dosage shall be as per admixture manufacturer recommendations, but not less 
than the dosage mentioned in the Product BBA or product international 
certification. 

b. Dosage recommended by manufacturer technical representative should be 
correlated with appropriate trials. 

c. For concrete mixes including fly ash and GGBS, the product manufacturer 


shall be consulted to determine the appropriate dosage rate of the admixture. 
Final dosage to be used shall be confirmed based on successful concrete trials, 
as approved by the Engineer. 


3. Performance Requirements: 
a. Permeability: 


1) Tested to BS EN 12390-8 at 0.5 MPa for 72 hours, permeability of 
treated concrete shall be reduced by 70% over untreated concrete. 

2) Tested to the modified BS EN 12390-8 at 1 MPa for 96 hours and then 
measuring and calculating the coefficient of permeability, the 
permeability of treated concrete shall be reduced by a minimum of 70% 
over untreated concrete. 

3) Tested to USACE CRD C48, no passage of water through treated 
samples when exposed to a vertical water head equal to 13.7 bar for 14 
days. 


b. Compressive Strength: Treated concrete must have compressive strength equal 
or higher than untreated concrete when tested to ASTM C39/C39M at 28 days. 

c. Drying Shrinkage: Minimum 20% reduced drying shrinkage for treated 
concrete over untreated concrete, when tested to ASTM C157. 


d. Self-Healing: Autogenous crack sealing of treated concrete for non-moving 
cracks with width of 0.4 mm or greater, verified by independent testing 
agency. 
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2.5 


2.6 


e. Chloride Penetration: Reduction of chloride ion penetration of 70 percent or 
greater when tested according to ASTM C1202 (after 4 wetting/drying cycles 
activation of samples). 

f. Sulfate Attack: Treated samples will not show internal expansion when tested 
according to ASTM C1012/C1012M. 


CONCRETE MIXTURES, GENERAL 


Refer to Section 033000 "Cast-In-Place Concrete". Requirements listed below are in 
addition to those specified in Section 033000. 


Admixtures: Use admixtures in accordance with manufacturer's written instructions, and 
Engineer's approval. 


1. Use Crystalline Waterproofing Admixtures in concrete mixtures to enhance 
permeability and durability level of Concrete: As required by the Engineer. 
CONCRETE MIXTURES 


Refer to Section 033000 "Cast-In-Place Concrete". Requirements listed below are in 
addition to those specified in Section 033000. 


Test Mixes - Crystalline Waterproofing Admixtures: 


1. Provide test batches as recommended by the waterproofing admixture manufacturer 
to determine plastic properties including air content and slump and hardened concrete 
properties. 

2. Include admixture manufacturer's lot number for products used in test mix. 

3. Provide test results to the Engineer for approval. 


PART 3 - EXECUTION 


3.1 


Refer to Section 033000 "Cast-In-Place Concrete". 


END OF SECTION 033056 
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SECTION 071326 - SELF-ADHERING SHEET WATERPROOFING 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Particular 
Conditions and Division 1 Specification Sections, apply to this Section. 


1.2 SUMMARY 
A. This Section includes the following: 
1. HDPE “High Density Polyethylene” sheet waterproofing. 
B. Related requirements: 
1. Section 033000 "Cast-in-Place Concrete" for concrete curing and finishing. 
2: Section 033050 "Massive Cast in place concrete." 
3. Section 071353 "Elastomeric Sheet Waterproofing" for EPDM sheet waterproofing. 
1.3 PREINSTALLATION MEETINGS 
A.  Preinstallation Conference: Conduct conference at Project site. 
1. Review waterproofing requirements including surface preparation, substrate 
condition and pretreatment, minimum curing period, forecasted weather conditions, 


special details and sheet flashings, installation procedures, testing and inspection 
procedures, and protection and repairs. 


1.4 ACTION SUBMITTALS 


A. Product Data: for each type of products. 


1. Submit detailed method statement along with Inspection Test Procedures. 
2. Include construction details, material descriptions, and tested physical and 
performance properties of waterproofing. 
3. Include manufacturer's written instructions for evaluating, preparing, and treating 
substrate. 
B. Shop Drawings: Show locations and extent of waterproofing and details of substrate joints 


and cracks, sheet flashings, penetrations, inside and outside corners, tie-ins with adjoining 
waterproofing, and other termination conditions. 


1. Include setting drawings showing layout, sizes, sections, profiles, and joint details of 
pedestal-supported concrete pavers. 
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1.5 


1.6 


1.7 


Samples: For each exposed product and for each color and texture specified, including the 
following products: 


1. 200-by-200-mm square of waterproofing and flashing sheet. 
2 200-by-200-mm square of insulation. 


INFORMATIONAL SUBMITTALS 


Qualification Data: Installer Certificate Signed by sheet waterproofing manufacturer 
certifying that Installer complies with specified requirements. 


Field quality-control reports: Product Test Reports from a qualified independent testing 
agency acceptable to Engineer, indicating and interpreting test results of waterproofing for 
compliance with requirements, based on comprehensive testing of current waterproofing 
formulations. 


Sample Warranty: Before starting waterproofing, copy of sheet waterproofing 
manufacturers and Installer's warranty, stating obligations, remedies, limitations, and 
exclusions. 


QUALITY ASSURANCE 


Installer Qualifications: A qualified installer who is authorized, approved, or licensed by 
sheet waterproofing manufacturer to install manufacturer's products; and who is eligible to 
receive waterproofing warranty specified. 


Mockup: Build mockups to verify selections made under Sample submittals and to set 
quality standards for installation. 


1. Build for each typical waterproofing installation including accessories to demonstrate 
surface preparation, crack and joint treatment, corner treatment, and protection. 


a. Size: 10 sq. m in area. 
b. Description: Each type of wall and deck installation. 


2. Approval of mockups does not constitute approval of deviations from the Contract 
Documents contained in mockups unless Engineer specifically approves such 
deviations in writing. 

3. Subject to compliance with requirement, approved mockups may become part of the 
completed Works if undisturbed at date of Taking Over. 


FIELD CONDITIONS 

Environmental Limitations: Apply waterproofing within the range of ambient and substrate 
temperatures recommended by waterproofing manufacturer. Do not apply waterproofing to 
a damp or wet substrate. 


1. Do not apply waterproofing in rain and fog. 


Maintain adequate ventilation during preparation and application of waterproofing materials 
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1.8 


A. 


B. 


WARRANTY 


Manufacturer's Warranty: Provide written warranty, signed by waterproofing manufacturer 
and Installer, and countersigned by Contractor, agreeing to replace waterproofing material 
that does not comply with requirements or that does not remain watertight during specified 
warranty period. Warranty includes responsibility for removing and replacing construction 
and other Works that conceals self-adhering sheet waterproofing. 


1. Warranty Period: 15 years from date of Taking Over. 


Installer's Special Warranty: Specified form, signed by Installer, covering Works of this 
Section, for warranty period of two years from date of Taking Over. 


1. Warranty includes removing and reinstalling protection board, drainage panels, 
insulation, pedestals, and pavers on plaza decks. 


PART 2 - PRODUCTS 


2.1 MATERIALS, GENERAL 
A. Source Limitations for Waterproofing System: Obtain waterproofing materials, protection 
course and molded-sheet drainage panels from single source from single manufacturer. 
2:2 BLINDSIDE SHEET WATERPROOFING 
A. Bonded HDPE for Blindside Horizontal and Vertical Applications: Pre-applied Uniform, 
flexible, multilayered-composite sheet membrane consisting of an HDPE film coated with 
pressure-sensitive adhesive and protective release liner, total 1.2-mm thickness; with the 
following physical properties: 
1. Tensile Strength, Film: 13.8 MPa minimum; ASTM D 412. 
2. Low-Temperature Flexibility: Pass at minus 20 deg. F; ASTM D 1970. 
3. Peel Adhesion to Concrete: 875 N/m minimum; ASTM D 903, modified. 
4. Lap Adhesion: 440 N/m minimum; ASTM D 1876, modified. 
5. Hydrostatic-Head Resistance: 30 m; ASTM D 5385, modified. 
6. Puncture Resistance: 890 N minimum; ASTM E 154. 
Te Water Vapor Permeance: 0.6 ng/Pa x s x sq. m maximum; ASTM E 96/E 96M, Water 
Method. 
8. Water Absorption: 0.5 percent maximum; ASTM D 570. 
2.3 HIGH DENSITY POLYETYLENE SHEET WATERPROOFING 
A. HDPE Sheet for Horizontal and Vertical Applications: 1.5mm minimum thick, post-applied, 
self-adhering cold-applied sheet consisting of Bituthene rubberized asphalt laminated to an 
HDPE film The physical properties are: 
1. Tensile Strength, Film: Longitudinal: 45 N/mm2 minimum; ASTM D 6382; 
Transverse: 42 N/mm2 minimum; ASTM D 638 
2: Hydrostatic-Head Resistance: 30 m minimum; ASTM D 5385 or BS EN 12390, part 
8 
3. Puncture Resistance: 250N minimum; ASTM E 154. 
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2.4 


25 


4. Water Vapor transmission rate: 0.06 g/m2/day maximum; ASTM E 96/E96M. 

5 Elongation Film: Longitudinal: 230% minimum; ASTM D 882; Transverse: 180% 
minimum; ASTM D 882 

6. Crack bridging ability: 1.5mm minimum, ASTM C836. 

7. Tear strength, film: Longitudinal: 320% minimum; ASTM D1004; Transverse: 300% 
minimum; ASTM D1004 

8. Chemical resistance, Ph: 2.5-11, ASTM D543 


AUXILIARY MATERIALS 


General: Furnish auxiliary materials recommended by waterproofing manufacturer for 
intended use and compatible with sheet waterproofing. 


Primer: primer recommended for substrate by sheet-waterproofing material manufacturer. 


Surface Conditioner: Liquid, waterborne surface conditioner recommended for substrate by 
sheet-waterproofing material manufacturer. 


Protection Course: ASTM D 6506, semirigid sheets of fiberglass or mineral-reinforced- 
asphaltic core, pressure laminated between two asphalt-saturated fibrous liners and as 
follows: 


1. Thickness: 6 mm, nominal. 
2; Adhesive: to be as per waterproofing manufacturer for protection course type. 


Protection Course: Fan folded, with a core of extruded-polystyrene board insulation faced 
on one side or both sides with plastic film, nominal thickness 6 mm, with compressive 
strength of not less than 55 kpa per ASTM D 1621, and maximum water absorption by 
volume of 0.6 percent per ASTM C 272. 


Protection Course: Extruded-polystyrene board insulation, unfaced, ASTM C 578, Type X, 
13 mm thick. 


Protection Course: Molded-polystyrene board insulation, ASTM C 578, Type I, 15-kg/cu. m 
minimum density, 25-mm minimum thickness. 


MOLDED-SHEET DRAINAGE PANELS 


Nonwoven-Geotextile-Faced, Molded-Sheet Drainage Panel: Composite subsurface 
drainage panel consisting of a studded, nonbiodegradable, molded-plastic-sheet drainage 
core; with a nonwoven, needle-punched geotextile facing with an apparent opening size not 
exceeding 0.21-mm sieve laminated to one side of the core and a polymeric film bonded to 
the other side; and with a vertical flow rate of 112 to 188 L/min. per m. 


Woven-Geotextile-Faced, Molded-Sheet Drainage Panel: Composite subsurface drainage 
panels consisting of a studded, nonbiodegradable, molded-plastic-sheet drainage core; with 
a woven-geotextile facing with an apparent opening size not exceeding 0.425-mm sieve 
laminated to one side of the core and a polymeric film bonded to the other side; and with a 
horizontal flow rate not less than 35 L/min. per m. 
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PART 3 - 


3.1 


3.2 


3.3 


High-Capacity, Molded-Sheet Collector-Panel System: Composite subsurface collector- 
panel system by same manufacturer as primary molded-sheet drainage panels; consisting of 
a high-profile, studded, nonbiodegradable, molded-plastic-sheet drainage core; with a 
woven-geotextile facing with an apparent opening size not exceeding 0.425-mm sieve 
laminated to one side of the core and a polymeric film bonded to the other side; and with a 
vertical flow rate of 112 to 188 L/min. per m and a horizontal flow rate as indicated on 
Drawings. Provide system with manufacturer's outlets, connectors, tapes, and other 
accessories to connect primary molded-sheet drainage panels with piped subdrainage 
system. 


EXECUTION 


EXAMINATION 


Examine substrates, areas, and conditions, for compliance with requirements and other 
conditions affecting performance. 


Proceed with installation only after unsatisfactory conditions have been corrected. 


SURFACE PREPARATION 


Clean, prepare, and treat substrates according to manufacturer's written instructions. 
Provide clean, dust-free, and dry substrates for waterproofing application. 


Mask off adjoining surfaces not receiving waterproofing to prevent spillage and overspray 
affecting other construction. 


Remove grease, oil, bitumen, form-release agents, paints, curing compounds, and other 
penetrating contaminants or film-forming coatings from concrete. 


Remove fins, ridges, mortar, and other projections and fill honeycomb, aggregate pockets, 
holes, and other voids. 


Prepare, fill, prime, and treat joints and cracks in substrates. Remove dust and dirt from 
joints and cracks according to ASTM D 4258. 


Bridge and cover all types of joints with overlapping sheet strips of widths according to 
manufacturer’s written instructions. 


Corners: Prepare, prime, and treat inside and outside corners according to ASTM D 6135. 
Prepare, treat, and seal vertical and horizontal surfaces at terminations and penetrations 
through waterproofing and at drains and protrusions according to ASTM D 6135. 

HDPE SHEET-WATERPROOFING APPLICATION 

Install HDPE sheet waterproofing according to manufacturer's written instructions. 


For Blind side case, place and secure molded-sheet drainage panels or geotextile cushion 
course over substrate. Lap edges and ends of geotextile to maintain continuity. 
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35% 


Vertical Applications: Install sheet with face against substrate or formwork. Accurately 
align sheets and maintain uniform side and end laps of minimum dimensions required by 
membrane manufacturer. Overlap and seal seams, and stagger and tape end laps to ensure 
watertight installation. Mechanically fasten to structure. 


i. Securely fasten top termination of membrane with continuous metal termination bar 


anchored into structure and cover with detailing tape. Allow extra length of properly 
protected membrane beyond termination point to be used for splicing of membrane in 
future packages. 


Horizontal Applications: Install sheet with face against substrate or structure. Accurately 
align sheets and maintain uniform side and end laps of minimum dimensions required by 
membrane manufacturer. Overlap and seal seams, and stagger and tape end laps to ensure 
watertight installation. 


Corners: Seal lapped terminations and cut edges of sheet waterproofing at inside and outside 
corners with detail tape. 


Seal penetrations through sheet waterproofing to provide watertight seal with detail tape 
patches or wraps and a liquid-membrane troweling. 


Install sheet-waterproofing and auxiliary materials to produce a continuous watertight tie 
into adjacent waterproofing. 


Repair tears, voids, and lapped seams in waterproofing not complying with requirements. 
Tape perimeter of damaged or nonconforming area extending 150 mm beyond repaired 
areas in all directions. Apply a patch of sheet waterproofing and firmly secure with detail 
tape. 


Make watertight seals to all items passing through the membrane such as pipes, rods, piles 
reinforcement, etc... to overcome any water penetration. Sealing details should follow the 
manufacturer’ s recommendations. 


Apply approved protection layer for all vertical surfaces that will receive backfilling, filling, 
plain concrete or cyclopean concrete 


MOLDED-SHEET DRAINAGE-PANEL INSTALLATION 


Place and secure molded-sheet drainage panels, with geotextile facing away from wall or 
deck substrate, according to manufacturer's written instructions. Use adhesives or other 
methods that do not penetrate waterproofing. Lap edges and ends of geotextile to maintain 
continuity. Protect installed molded-sheet drainage panels during subsequent construction. 


1. For vertical applications, install protection course before installing drainage panels. 
FIELD QUALITY CONTROL 
Engage a site representative qualified by waterproofing membrane manufacturer to inspect 


substrate conditions, surface preparation, membrane application, flashings, protection, and 
drainage components, and to furnish daily reports to Engineer. 
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3.6. 


Flood Testing: Flood test each deck area for leaks, according to recommendations in 
ASTM D 5957, after completing waterproofing but before overlying construction is placed. 
Install temporary containment assemblies, plug or dam drains, and flood with potable water. 


1. Flood to an average depth of 65 mm with a minimum depth of 25 mm and not 
exceeding a depth of 100 mm. Maintain 50 mm of clearance from top of sheet 
flashings. 

2: Flood each area for 72 hours. 

3: After flood testing, repair leaks, repeat flood tests, and make further repairs until 


waterproofing installation is watertight. 


Engage an independent testing agency acceptable to Engineer, to observe flood testing and 
examine underside of decks and terminations for evidence of leaks during flood testing. 
Engage an independent testing agency to inspect substrate conditions; surface preparation; 
membrane application, flashings, protection, and drainage components; and to furnish daily 
reports to Engineer. 


Prepare test and inspection reports. 


PROTECTION, REPAIR AND CLEANING 

Do not permit foot or vehicular traffic on unprotected horizontal membrane. 

Protect waterproofing from damage and wear during remainder of construction period. 
Protect installed board insulation and insulation drainage panels from damage due to UV 
light, harmful weather exposures, physical abuse, and other causes. Provide temporary 
coverings where installation may be subject to abuse and cannot be concealed and protected 


by permanent construction immediately after installation. 


Correct deficiencies in or remove waterproofing that does not comply with requirements; 
repair substrates, reapply waterproofing, and repair sheet flashings. 


Clean spillage and soiling from adjacent construction using cleaning agents and procedures 
recommended by manufacturer of affected construction. 


END OF SECTION 071326 
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SECTION 071352.13 - APP-MODIFIED BITUMINOUS SHEET WATERPROOFING 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including Conditions of Contract and 

Division 1 Specification Sections, apply to this Section. 
1.2 SUMMARY 
A. This section shall be used for Bridge deck waterproofing and shall cover: 
1. Two-ply modified bituminous sheet waterproofing. 
1.3 PERFORMANCE REQUIREMENTS 
A. Provide waterproofing that prevents the passage of water. 
1.4 SUBMITTALS 

A. Product Data: Include manufacturer's written instructions for evaluating, preparing, and 
treating substrate, technical data, and tested physical and performance properties of 
waterproofing. 

B. Shop Drawings: Show locations and extent of waterproofing. Include details for substrate 
joints and cracks, sheet flashings, penetrations, inside and outside corners, tie-ins with 
adjoining waterproofing, and other termination conditions. 

C. Samples: For the following products: 

1. 300-by-300-mm square of waterproofing. 

D. Installer Certificate: Signed by sheet waterproofing manufacturer certifying that Installer 
complies with specified requirements. 

E. Product Test Reports: From a qualified independent testing agency acceptable to Engineer, 
indicating and interpreting test results of waterproofing for compliance with requirements, 
based on comprehensive testing of current waterproofing formulations. 

F. Sample Warranty: Before starting waterproofing, copy of waterproofing manufacturer's and 
Installer's warranty, stating obligations, remedies, limitations, and exclusions 

G. LEED Submittals: 

Product Certificates for Credit MR 5: For products and materials required to comply with 
requirements for regional materials, certificates indicating location of materials manufacturer 
and point of extraction, harvest, or recovery for each raw materials. Include statement 
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indicating distance to project, cost for each regional materials, and fraction by weight that is 
considered regional. 


1.5 QUALITY ASSURANCE 


A. Installer Qualifications: A qualified installer who is authorized, approved, or licensed by 
sheet waterproofing manufacturer to install manufacturer's products; and who is eligible to 
receive waterproofing warranty specified. 


B. Source Limitations: Obtain waterproofing materials through one source from a single 
manufacturer. 


C: Mockup: Apply waterproofing to at least 15 sq. m of deck to demonstrate surface preparation, 
crack and joint treatment, corner treatment, and execution quality. 


1. Construct mockup in the location and of the size indicated or, if not indicated, as 
directed by Engineer. 

2; Notify Engineer seven days in advance of dates and times when mockup will be 
constructed. 

3. Obtain Engineer's approval of mockup before starting sheet waterproofing. 

4. If Engineer determines mockup does not comply with requirements, reapply 
waterproofing until mockup is approved. 

5. Approved mockups may become part of the completed Work if undisturbed at time of 


Substantial Completion. 


D. _ Preinstallation Conference: Conduct conference at Project site to comply with requirements 
of the project. Review requirements for waterproofing, including surface preparation 
specified under other Sections, substrate condition and pretreatment, minimum curing period, 
forecasted weather conditions, special details and sheet flashings, installation procedures, 
testing and inspection procedures, and protection and repairs. 


1.6 DELIVERY, STORAGE, AND HANDLING 
A. Deliver liquid materials to Project site in original packages with seals unbroken, labeled with 
manufacturer's name, product brand name and type, date of manufacture, and directions for 


storing and mixing with other components. 


B. Store liquid materials in their original undamaged packages in a clean, dry, protected location 
and within temperature range required by waterproofing manufacturer. 


C. Remove and replace liquid materials that cannot be applied within their stated shelf life. 
D. Store rolls according to manufacturer's written instructions. 
E. Protect stored materials from direct sunlight. 


1.7 PROJECT CONDITIONS 


A. Environmental Limitations: Apply waterproofing within range of ambient and substrate 
temperatures recommended by waterproofing manufacturer. Do not apply waterproofing to 
a damp or wet substrate. 
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B. 


1.8 


A. 


1. Do not apply waterproofing in snow, rain, fog, or mist. 


Maintain adequate ventilation during preparation and application of waterproofing materials. 


WARRANTY 


Manufacturer's Warranty: Provide written warranty, signed by waterproofing manufacturer 
and Installer, and countersigned by Contractor, agreeing to replace waterproofing material 
that does not comply with requirements or that does not remain watertight within specified 
watranty period. Warranty includes responsibility for removing and replacing construction 
and other work that conceals modified bituminous sheet waterproofing. 


1. Warranty Period: 15 years after date of Substantial Completion. 


PART 2 - PRODUCTS 


2.1 


A. 


B. 


2.2 


A. 


C. 


D. 


SHEET WATERPROOFING 


APP-Modified Bituminous Sheet, Smooth Surfaced: ASTM D6222, Grade S, Type I or II, 
polyester reinforced, atactic-polypropylene-modified bituminous sheet, smooth surfaced; 
suitable for application indicated and installation method specified; for use as follows: 


1. Use: Two-ply, modified bituminous sheet waterproofing. 


Physical Properties: Provide APP-modified bituminous sheet materials with the following 
properties when tested according to ASTM D 5147: 


1. Thickness: 5 mm. 
Tensile Strength: 15.75 kN/m at minus 18 deg C in each direction. 

3. Elongation at Maximum Load: 20 percent minimum at minus 18 deg C in each 
direction. 

4. Tear Strength: 378 N minimum. 

5: Low-Temperature Flexibility: Pass at minus 10 deg C. 

6. Water Absorption: 3.2% maximum. 


AUXILIARY MATERIALS 


General: Furnish auxiliary materials recommended by waterproofing manufacturer for 
intended use and compatible with sheet waterproofing. 


Asphalt Primer: ASTM D41. 


Asphalt: ASTM D312, Type III or Type IV, as recommended by sheet waterproofing 
manufacturer. 


1. Label each container or provide certification with each load of bulk asphalt identifying 
type of asphalt and indicating softening point, minimum flash point, equiviscous 
temperature, and finished blowing temperature. 


Cants and Miscellaneous Accessories: Provide cants and miscellaneous accessories 
recommended by sheet waterproofing manufacturer for intended use. 
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E. 


F. 


Waterproofing and Sheet Flashing Accessories: Provide sealants, pourable sealers, cone and 
vent flashings, inside and outside corner flashings, termination reglets and bars, and other 
accessories recommended by waterproofing manufacturer for intended use. 


Protection Course: The following or, at Contractor's option, alternative means of protection 
as recommended by waterproofing manufacturer for intended use, and acceptable to Engineer. 


1. Plastic Panel Type: Semi-rigid, extruded or molded, non-biodegradable plastic panels 
with a cellular drainage core; overall thickness not less than 4 mm. 


a. Puncture Resistance: 1000 N minimum; ASTM E 154. 


PART 3 - EXECUTION 


3.1 


3:2 


A. 


A. 


EXAMINATION 


Examine substrates, areas, and conditions, for compliance with requirements and other 
conditions affecting performance. 


1. Do not proceed with installation until after the minimum concrete curing period 
recommended by waterproofing manufacturer. 

2; Verify that substrate is visibly dry and free of moisture. Test for capillary moisture by 
plastic sheet method according to ASTM D4263. 

3. Notify Engineer in writing of anticipated problems using waterproofing over substrate. 

4. Proceed with installation only after unsatisfactory conditions have been corrected. 


SURFACE PREPARATION 


Clean, prepare, and treat substrate according to manufacturer's written instructions. Provide 
clean, dust-free, and dry substrate for waterproofing application. 


Remove grease, oil, bitumen, form-release agents, paints, curing compounds, and other 
penetrating contaminants or film-forming coatings from concrete. 


Remove fins, ridges, mortar, and other projections and fill honeycomb, aggregate pockets, 
holes, and other voids. 


Prepare, fill, prime, and treat joints and cracks in substrate. Remove dust and dirt from joints 
and cracks according to ASTM D4258. 


Mask off adjoining surfaces not receiving waterproofing to prevent spillage and overspray 
affecting other construction. 


Prepare, treat, and seal vertical and horizontal surfaces at terminations and penetrations 
through waterproofing and at drains and protrusions according to manufacturer's written 
instructions. 


Install and secure cants, reinforcement strips, flashings and miscellaneous accessories to 
comply with manufacturer's written instructions and requirements for treatments at 
construction joints, horizontal to vertical surface intersections, inside and outside corners, 
perimeters, and edges. 


APP-MODIFIED BITUMINOUS SHEET WATERPROOFING 071352.13 - Page 4 of 6 
P21161/4309-04-TD-SPC-BR-01 REV 0 


RFP — Karachi Mobility Project (Yellow BRT) — PK-SMTA-334960-CW-RFP 
Procurement of Package - 4: NEW JAM SADIQ BRIDGE (Yellow Corridor Segment 3) 


Volume (2): Part (B) Specifications (2 of 2) - 071352.13 - App-Modified Bituminous Sheet Waterproofing 


3.3 


3.4 


3.5 


MODIFIED BITUMINOUS SHEET INSTALLATION 


Install modified bituminous sheet over areas to receive waterproofing, according to 
manufacturer's written instructions and applicable recommendations. 


1. Unroll sheet and allow to relax for the minimum time period required by manufacturer. 


Two-Ply, Modified Bituminous Membrane: Install two ply of modified bituminous sheet 
waterproofing. 


1. Application: Torch apply to substrate. 


Horizontal Application: Apply sheets from low point to high point to ensure that side laps 
shed water 


Laps: Accurately align sheets, without stretching, and maintain uniform side and end laps of 
minimum dimensions required. Stagger end laps. Heat-weld side and end laps and 
completely seal by rolling, leaving no voids. 


1. Repair tears and voids in laps and lapped seams not completely sealed. 


Repair tears and voids in waterproofing not complying with requirements. Slit and flatten 
fishmouths and blisters. Patch with sheet waterproofing extending 150 mm beyond repaired 
areas in all directions. 


Correct deficiencies to satisfaction of Engineer, or remove sheet waterproofing that does not 
comply with requirements, repair and prepare substrates, re-apply waterproofing and repair 
flashings. 


PROTECTION COURSE INSTALLATION 


Install protection course over waterproofing membrane according to manufacturer's written 
instructions and before beginning subsequent construction operations. Minimize exposure of 
membrane. 


FIELD QUALITY CONTROL 


Flood Testing: Flood test each deck area for leaks, according to ASTM D5957, after 
completing waterproofing but before overlying construction is placed. Install temporary 
containment assemblies, plug or dam drains, and flood with potable water. 


1. Flood to an average depth of 65 mm with a minimum depth of 25 mm and not exceeding 
a depth of 100 mm. Maintain 50 mm of clearance from top of sheet flashings. 

2. Flood each area for 72 hours. 

3. After flood testing, repair leaks, repeat flood tests, and make further repairs until 
waterproofing installation is watertight. 


Engage an independent testing agency acceptable to Engineer, to observe flood testing and 
examine underside of decks and terminations for evidence of leaks during flood testing. 
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3.6 PROTECTION AND CLEANING 

A. Do not permit foot or vehicular traffic on unprotected horizontal membrane. 

B. Protect installed waterproofing and protection course from damage due to ultraviolet light, 
harmful weather exposures, physical abuse, and other causes. Provide temporary coverings 
where installation may be subject to abuse and cannot be concealed and protected by 
permanent construction immediately after installation. 

C. Clean spillage and soiling from adjacent construction using cleaning agents and procedures 


recommended by manufacturer of affected construction. 


END OF SECTION 071352.13 
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SECTION 071353 - ELASTOMERIC SHEET WATERPROOFING 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Particular 
Conditions and Division 1 Specification Sections, apply to this Section. 


1.2 SUMMARY 
A. This Section includes the following: 


1. EPDM rubber sheet waterproofing. 


B. Related Sections: The following Sections contain requirements that relate to this Section: 
1. Section 033000 "Cast-in-Place Concrete” for concrete curing and finishing. 
2. Section 033050 "Massive Cast in place concrete." 


3. Section 071326 "Self-Adhering Sheet Waterproofing". 


1.3 PREINSTALLATION MEETINGS 
A.  Preinstallation Conference: Conduct conference at Project site. 


1. Review waterproofing requirements including surface preparation, substrate 
condition and pretreatment, minimum curing period, forecasted weather conditions, 
special details and sheet flashings, installation procedures, testing and inspection 
procedures, and protection and repairs. 


1.4 ACTION SUBMITTALS 
A. Product Data: for each type of product. 


1. Submit detailed method statement along with Inspection Test Procedures. 
Include construction details, material descriptions, and tested physical and 
performance properties of waterproofing. 

3. Include manufacturer's written instructions for evaluating, preparing, and treating 
substrate. 


B. LEED Submittals: 


1. Product Certificates for Credit MR 5: For products and materials required to comply 
with requirements for regional materials, certificates indicating location of material 
manufacturer and point of extraction, harvest, or recovery for each raw material. 
Include statement indicating distance to Project, cost for each regional material, and 
fraction by weight that is considered regional. 
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1.5 


1.6 


Shop Drawings: Show locations and extent of waterproofing and details of substrate joints 
and cracks, sheet flashings, penetrations, inside and outside corners, tie-ins with adjoining 
waterproofing, and other termination conditions. 


1. Include setting drawings showing layout, sizes, sections, profiles, and joint details of 
pedestal-supported concrete pavers. 


Samples: For each exposed product and for each color and texture specified, including 
following the following products: 


1. 200 by 200-mm square of waterproofing and flashing sheet. 
2. 200 by 200 mm square of insulation. 
3. 100 by 100 mm square of drainage panel. 


INFORMATIONAL SUBMITTALS 


Qualification Data: Installer Certificate Signed by sheet waterproofing manufacturer 
certifying that Installer complies with specified requirements. 


Field quality control reports: Product Test ReportsFrom a qualified independent testing 
agency acceptable to Engineer, indicating and interpreting test results of waterproofing for 
compliance with requirements, based on comprehensive testing of current waterproofing 
formulations. 


Sample Warranty: Before starting waterproofing, copy of waterproofing manufacturer's and 
Installer's warranty stating obligations, remedies, limitations, and exclusions 
QUALITY ASSURANCE 


Installer Qualifications: An entity that employs installers and supervisors who are trained 
and approved by waterproofing manufacturer. 


Mockups: Build mockups to verify selections made under Sample submittals and to set 
quality standards for installation. 


1. Build for each typical waterproofing installation including accessories to 
demonstrate surface preparation, crack and joint treatment, corner treatment, and 
protection. 

a. Size: 10 sq. m in area. 
b. Description: Each type of raft, exterior walls and top slab installation. 
2. Approval of mockups does not constitute approval of deviations from the Contract 


Documents contained in mockups unless Engineer specifically approves such 
deviations in writing. 

3. Subject to compliance with requirements, approved mockups may become part of the 
completed Works if undisturbed at date of Taking over. 
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1.7 


A. 


B. 


1.8 


A. 


B. 


FIELD CONDITIONS 


Environmental Limitations: Apply waterproofing within range of ambient and substrate 
temperatures recommended by waterproofing manufacturer. Do not apply waterproofing to 
a damp or wet substrate. 


1. Do not apply waterproofing in rain and fog. 

Maintain adequate ventilation during preparation and application of waterproofing 
materials. 

WARRANTY 

Manufacturer's Warranty: Provide written warranty, signed by waterproofing manufacturer 
and Installer, and countersigned by Contractor, agreeing to replace waterproofing material 
that does not comply with requirements or that does not remain watertight within specified 
warranty period. Warranty includes responsibility for removing and replacing construction 
and other Works that conceals elastomeric sheet waterproofing. 


1. Warranty Period: 15 years from date of Taking Over. 


Special Installer's Warranty: Written waterproofing Installer's warranty, signed by Installer, 
covering Works of this Section, for warranty period of two years from date of Taking Over. 


1. Warranty includes removing and reinstalling protection board, drainage panels, and 
insulation 


PART 2 - PRODUCTS 


2.1 MATERIALS, GENERAL 
A. Source Limitations for Waterproofing System: Obtain waterproofing materials , protection 
course, and molded-sheet drainage panels from single source from single manufacturer. 
22 SHEET WATERPROOFING 
A. EPDM Rubber Sheet: ASTM D 6134, Type I, 1.5-mm thick flexible sheet, unreinforced, 
formed from EPDM. 
1. Physical Properties: 
a. Tensile Strength, Membrane: 9 MPa minimum; ASTM D 412, Die C, 
modified. 
b. Ultimate Elongation: 300 percent minimum; ASTM D 412, Die C, modified. 
C. Tensile set : 9 MPa minimum ; ASTM D 412, Die C, modified. 
d. Tear Resistance: 26.2KN/m minimum; ASTM D624. 
e. Puncture Resistance: 320 N minimum; ASTM E 154. 
f. Water Absorption: 4 percent weight-gain maximum; ASTM D 471 at 70+2 
deg. C for 166h.. 
g. Water Vapor Permeance: 0.06 mg/Pa.s.sqm. maximum; ASTM E 96/E 96M, 
Water Method. 
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h. Brittleness temperature: max - 45 deg C; ASTM D 746. 
1. Hardness Durometer A: 60410; ASTM D2240 
j. Hydrostatic-Head Resistance: 30 m minimum; ASTM D 5385. 


2.3 AUXILIARY MATERIALS 

A. General: Furnish auxiliary materials recommended by waterproofing manufacturer for 
intended use and compatible with sheet waterproofing. 

1. Furnish liquid-type auxiliary materials that comply with VOC limits of authorities 
having jurisdiction. 

B. Concealed Sheet Flashing: Same material, construction, and thickness as sheet 
waterproofing or 1.5-mm thick, uncured EPDM as required by manufacturer. 

C. Exposed Sheet Flashing: 1.5-mm thick EPDM, cured or uncured, as required by 
manufacturer. 

D. Bonding Adhesives: Adhesive for bonding polymeric sheets and sheet flashings to 
substrates and projections. 

E. Splicing Cement and Cleaner: Single-component butyl splicing cement and solvent-based 
splice cleaner. 

1. Butyl Gum Tape: 0.76-mm thick-by- 160-mm wide, uncured butyl with polyethylene 
release film. 

F. Lap Sealant: Single-component sealant. 

G.  In-Seam Sealant: Single-component sealant. 

H. Water Cutoff Mastic: Butyl mastic sealant. 

I. Waterproofing and Sheet Flashing Accessories: Provide sealants, pourable sealers, cone 
and vent flashings, inside and outside corner flashings, termination reglets, and other 
accessories recommended by waterproofing manufacturer for intended use. 

J. Metal Termination Bars: Manufacturer's standard aluminum bars, approximately 25 mm 
wide, prepunched, with fasteners. 

K. Protection Course: Semirigid sheets of asphalt-impregnated organic mat, mineral surface, 
with a nominal thickness of 3 mm. 

| Protection Course: Fan folded, with a core of extruded-polystyrene board insulation, a 
nominal thickness of 6 mm, and a compressive strength of not less than 55 kPa. 

2.4 MOLDED-SHEET DRAINAGE PANELS 

A. Nonwoven-Geotextile-Faced, Molded-Sheet Drainage Panel: composite subsurface 
drainage panel consisting of a studded, nonbiodegrable, molded-plastic-sheet drainage core; 
with a nonwoven, needle-punched geotextile facing with an apparent opening size not 
exceeding 0.21 mm sieve laminated to one side of the core and a polymeric film bonded to 
the other side; and with a vertical flow rate of at least 112 to 118 L/min. per m . 
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B. 


C. 


2.5 


A. 


B. 


2.6 


A. 


B. 


Woven-Geotextile-Faced, Molded-Sheet Drainage Panel: composite subsurface drainage 
panels consisting of a studded, nonbiodegrable, molded-plastic-sheet drainage core; with a 
woven-geotextile facing with an apparent opening size not exceeding 0.425 mm sieve 
laminated to one side of the core; and , with a horizontal flow rate not less than 35 L/min. 
per m. 


High-Capacity, Molded-Sheet Collector-Panel System: Composite subsurface collector- 
panel system by same manufacturer as primary molded-sheet drainage panels; consisting of 
a high-profile, studded, nonbiodegradable, molded-plastic-sheet drainage core; with a 
woven-geotextile facing with an apparent opening size not exceeding No. 40 (0.425-mm) 
sieve laminated to one side of the core; and with a vertical flow rate of. 112 to 188 L/min. 
perm and a horizontal flow rate 35L/min per m. Provide system with manufacturer's 
outlets, connectors, tapes, and other accessories to connect primary molded-sheet drainage 
panels with piped subdrainage system specified in Section 334600 "Subdrainage." 


INSULATION 


Insulation, General: Comply with Section 072100 "Thermal Insulation." 


Board Insulation: Extruded-polystyrene board insulation complying with ASTM C 578, 
square or shiplap edged. 


1. Type V, 690 kPa minimum compressive strength. 


INSULATION DRAINAGE PANELS 


Unfaced Wall-Insulation Drainage Panels: Extruded-polystyrene board insulation 
complying with ASTM C 578; Type IV, 173 kPa or Type VI, 29 kg/cu. m minimum 
compressive strength; unfaced fabricated with shiplap or channel edges and with one side 
having grooved drainage channels. . 


Geotextile-Faced Wall-Insulation Drainage Panels: Extruded-polystyrene board insulation 
complying with ASTM C 578; Type IV, 173 kPa or Type VI, 29 kg/cu. m minimum 
compressive strength; fabricated with tongue-and-ghroove edges and with one side having 
grooved channels faced with nonwoven geotextile filter fabric. 


PART 3 - EXECUTION 


3.1 


A. 


B. 


EXAMINATION 


Examine substrates, areas, and conditions, with installer present, for compliance with 
requirements and other conditions affecting performanceof waterproofing. 


1. Verify that concrete has cured and aged for minimum time period recommended in 
writing by waterproofing manufacturer. 

2. Verify that substrate is visibly dry within the moisture limits recommended in writing 
by manufacturer. Test for capillary moisture by plastic sheet method according to 
ASTM D 4263. 


Proceed with installation only after unsatisfactory conditions have been corrected. 
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3.2 SURFACE PREPARATION 

A. Clean, prepare, and treat substrate according to manufacturer's written instructions. Provide 
clean, dust-free, and dry substrate for waterproofing application. 

B. Mask off adjoining surfaces not receiving waterproofing to prevent spillage and overspray 
affecting other construction. 

C. Remove grease, oil, bitumen, form-release agents, paints, curing compounds, and other 
penetrating contaminants or film-forming coatings from concrete. 

D. Remove fins, ridges, mortar, and other projections and fill honeycomb, aggregate pockets, 
holes, and other voids. 

E. Prepare, fill, prime, and treat joints and cracks in substrate. Remove dust and dirt from 
joints and cracks according to ASTM D 4258. 

F. Prepare, treat, and seal vertical and horizontal surfaces at terminations and penetrations 
through waterproofing and at drains and protrusions. 

3.3 FULLY ADHERED SHEET INSTALLATION 

A. Install fully adhered sheets over entire area to receive waterproofing according to 
manufacturer's written instructions and recommendations in ASTM D 5843. 

B. Accurately align sheets and maintain uniform side and end laps of minimum dimensions 
required. Stagger end laps. 

C. Apply bonding adhesive to substrates at required rate and allow to partially dry. 

D. Apply bonding adhesive to sheets and firmly adhere sheets to substrates. Do not apply 
bonding adhesive to splice area of sheet. 

E. Install fully adhered sheets and auxiliary materials to tie into existing waterproofing. 

F. Repair tears, voids, and lapped seams in waterproofing not complying with requirements. 
Slit and flatten fishmouths and blisters. Patch with sheet waterproofing extending beyond 
repaired areas in all directions. 

G. Horizontal Application: Apply sheets with side laps shingled with slope of deck where 
possible. 

1. Spread sealant or mastic bed over deck drain flange at deck drains and securely seal 
sheet waterproofing in place with clamping ring. 
3.4 SEAM INSTALLATION 

A. Cement Splice: Clean splice areas, apply splicing cement and in-seam sealant, and firmly 
roll side and end laps of overlapping sheets according to manufacturer's written instructions 
to produce a splice not less than 150 mm wide and to ensure a watertight seam installation. 
Apply lap sealant and seal exposed edges of sheet terminations. 
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B. Cement and Tape Splice: Clean splice areas, apply splicing cement and butyl gum tape, and 
firmly roll side and end laps of overlapping sheets according to manufacturer's written 
instructions to ensure a watertight seam installation. Apply lap sealant and seal exposed 
edges of sheet terminations. 


C. Welded Splices: All lap splices need to be hot air welded. Wherever possible, all field 
splices on the horizontal surface should be completed using heat welder that has been 
designed for hot air welding of Elastomeric sheet membranes. Handheld welders should 
only be used on vertical welds or where an automatic cannot be used. 


3.5 SHEET FLASHING INSTALLATION 


A. Install sheet flashings and preformed flashing accessories and adhere to substrates according 
to waterproofing manufacturer's written instructions. 


B. Form wall flashings using exposed sheet flashing. 


C. Extend deck sheet waterproofing to form wall flashings. 


1. Flash penetrations and field-formed inside and outside corners with uncured sheet 
flashing. 
2. Clean splice areas, apply splicing cement, and firmly roll side and end laps of 


overlapping sheets to ensure a watertight installation. Apply lap sealant and seal 
exposed edges of sheet flashing terminations. 


D. Cover expansion joints and discontinuous deck-to-wall or deck-to-deck joints by extending 
deck sheet waterproofing over joints. 


E. Terminate and seal top of sheet flashings with mechanically anchored termination bars. 


3.6 PROTECTION COURSE INSTALLATION 


A. Install protection course over waterproofing membrane according to manufacturer's written 
instructions and before beginning subsequent construction operations. Minimize exposure 
of membrane. 


1. Molded-sheet drainage panels Insulation drainage panels or Board insulation may be 
used in place of a separate protection course for vertical applications when approved 
by waterproofing manufacturer. 


33 MOLDED-SHEET DRAINAGE PANEL INSTALLATION 
A. Place and secure molded-sheet drainage panels according to manufacturer's written 
instructions. Use adhesives or mechanical fasteners that do not penetrate waterproofing. 
Lap edges and ends of geotextile to maintain continuity. Protect installed molded-sheet 


drainage panels during subsequent construction. 


1. For vertical applications, install protection course before installing drainage panels. 
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3.8 


3.9 


3.10 


3.11 


INSULATION INSTALLATION 


Install insulation drainage panels over waterproofed surfaces. Cut and fit to within 19 mm 
of projections and penetrations. 


On vertical surfaces, set insulation units in adhesive or tape applied according to 
manufacturer's written instructions. 


On horizontal surfaces, loosely lay insulation units according to manufacturer's written 
instructions. Stagger end joints and tightly abut insulation. 


INSULATION DRAINAGE-PANEL INSTALLATION 


Install insulation drainage panels over waterproofed surfaces. Cut and fit to within 3/4 inch 
(19 mm) of projections and penetrations. 


Ensure that drainage channels are aligned and free of obstructions. 


On vertical surfaces, set insulation drainage panels in adhesive or tape applied according to 
manufacturer's written instructions. 


On horizontal surfaces, loosely lay insulation drainage panels according to manufacturer's 
written instructions. Stagger end joints and tightly abut insulation units. 


FIELD QUALITY CONTROL 


Engage a site representative qualified by waterproofing membrane manufacturer to inspect 
substrate conditions, surface preparation; membrane application, flashings, protection, and 
drainage components, and to furnish daily reports to Engineer. 


Flood Testing: Flood test each deck area for leaks, according to recommendations in 
ASTM D 5957, after completing waterproofing but before overlying construction is placed. 
Install temporary containment assemblies, plug or dam drains, and flood with potable water. 


1. Flood to an average depth of 64 mm with a minimum depth of 25 mm and not 
exceeding a depth of 100 mm. Maintain 51 mm of clearance from top of sheet 
flashings. 

2 Flood each area for 48 hours. 

3. After flood testing, repair leaks, repeat flood tests, and make further repairs until 
waterproofing installation is watertight. 


Engage an independent testing agency to observe flood testing and examine underside of 
decks and terminations for evidence of leaks during flood testing. Engage an independent 
testing agency to inspect substrate conditions; surface preparation; membrane application, 
flashings, protection, and drainage components; and to furnish daily reports to Engineer. 


Prepare test and inspection reports. 


PROTECTION, REPAIR, AND CLEANING 


Do not permit foot or vehicular traffic on unprotected horizontal membrane. 
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B. Protect waterproofing from damage and wear during remainder of construction period. 


C. Protect installed waterproofing and protection course from damage due to UV light, harmful 
weather exposures, physical abuse, and other causes. Provide temporary coverings where 
installation may be subject to abuse and cannot be concealed and protected by permanent 
construction immediately after installation. 


D. Correct deficiencies in or remove waterproofing that does not comply with requirements; 
repair substrates, reapply waterproofing, and repair sheet flashings. 


E. Clean spillage and soiling from adjacent construction using cleaning agents and procedures 
recommended by manufacturer of affected construction. 


END OF SECTION 071353 
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SECTION 260500 - BASIC ELECTRICAL MATERIALS AND METHODS 


PART 1 - GENERAL 


1.1 


1.2 


1.3 


A. 


RELATED DOCUMENTS 


General provisions of the Contract, including Conditions of Contract and Division 1 
Specification Sections, apply to this Section. 


SUMMARY 
This Section includes the following: 


1. General provisions applicable to Division 26 work and other Sections of the 
Specification that refer to this Section. 

Supporting devices for electrical components. 

Electrical identification. 

Covers, brackets and supports. 

Electricity-metering components. 

Concrete equipment bases. 

Cutting and patching for electrical construction. 

Touchup painting. 


BOON a 0h 


Electrical Work, unless otherwise specified, includes the supply, installation, testing and 
commissioning of the complete electrical systems, equipment and materials described in the 
Specification with all associated ancillary work, support work and builder's work required to 
achieve full functionality as per the design intent. 


The scope of electrical works shall include, but shall not be necessarily limited to the 
following: 


1. Power Service and Distribution consisting of: 


Street Lighting. 

Outdoor Distribution Boards (Feeder Pillars). 
Feeders for street lighting circuits. 
Underground ducts and raceways. 

Power supply connections for traffic signals. 


eeaore 


REGULATIONS AND STANDARDS 


Regulations: Carry out electrical work in accordance with the current issue of the local 
codes of practice, local power authority regulations and [Requirements for Electrical 
Installations — IET Wiring Regulations (BS 7671) as published by the Institution of 
Engineering and Technology and IEC Standards][National Electrical Code (NEC / NFPA 
70) as published by the National Fire Protection Association][Lighting of Roads for Motor 
and Pedestrian Traffic (CIE 115)] where not in contradiction with the local codes of practice 
and regulations, herein referred to collectively as 'the Regulations’. 
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B. Conflict: Should an instance occur in this Specification in which material or construction 
methods called for is less than minimum requirement of the Regulations, immediately 
inform the Engineer in writing. Consequent to Engineer's approval, supply the materials 
and perform the work as though called for to minimum code standards. 


C: Standards: Unless otherwise specified, equipment and materials shall be manufactured and 
installed in compliance with the relevant recommendations of the following or other equal 
and approved standards: 


1. IEC: The International Electro-technical Commission. 
2. ISO: The International Standardization Organization. 
3. BS: British Standards. 
4. CIE: International Commission of Illumination. 
D. Ihn case of contradiction between enforced and relevant local regulations and International 


Standards, the most stringent requirements shall prevail. 


1.4 POWER SUPPLY 
A. The Local Power Authority will provide incoming power supply and connection at 400 V. 


B. Power Supply: Liaise with the Local Power Authority to confirm: 


1. Characteristics of supply and system earthing. 
2; Location of incoming supply. 
3: Space requirements and associated builder's work for the Authority's installations. 
4. Make necessary arrangements at the earliest opportunity to ensure connection as and 
when required, and inform the Engineer in the event of any foreseen delay. 
C. KWH-metering: Liaise with the Local Power Authority and provide necessary 


instrumentation, enclosures and accessories required by them to effect a complete kWH- 
metering installation. 


D. kWH-metering will be at low voltage. 
E. Nominal characteristics of power supply and distribution are as follows: 


1. Low voltage: 400/230 V, 3 phases, 5 wires, solidly earthed neutral. 
2: Frequency: 50 Hz. 


F. Distribution systems shall be supplied or derived from the voltage system previously 
described, as specified. 


G. The Contractor shall ensure that system’s upstream protection device settings are re- 
calculated by competent agency and changed as necessary to be compatible with the final 
approved load conditions. 


1.5 TELECOM/ITS NETWORK 


A. Liaise with the Local TELECOM Authorities to confirm location of connection of Telecom 
network and connections into required premises. 
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1.6 EQUIPMENT 


A. Equipment shall be designed for the system voltage and frequency previously described, 
unless otherwise specified. 


1.7 CLIMATIC CONDITIONS 


A. Equipment shall be capable of withstanding the project environmental conditions 
encountered at the installed location without mechanical or electrical damage or degradation 
of operating capability, unless otherwise specified. For devices located in harsh 
environments such as exterior environments, the Contractor shall provide the necessary 
housings or enclosures to ensure proper equipment operation and performance. 


B. Equipment, apparatus, material accessories installed outdoors shall be corrosion and salinity 
proof. UV stabilized requirement shall be applied for outdoor installations and their surface 
finish and due certification shall be provided by manufacturer as necessary. 


1.8 SUBMITTALS 
A. Generally: Submit for approval, manufacturers’ technical literature, shop and construction 
drawings and other information required by the Specification, before ordering equipment or 


materials and before executing any related work on site. 


B. Product Data: Submit for approval detailed product data such as model no., all relevant 
ratings, country of manufacture, interface details as necessary, covers and supports. 


C. Calculations: Submit for approval the manufacturer/supplier calculations for the following 
systems, prior to ordering/manufacturing the material: 


1. Outdoor lighting distribution, with necessary supporting documents and photometric 
data of the lighting fixtures proposed and approved by the Contractor. 

2: Circuit breakers selectivity and discrimination calculation study for a full selective 
and discriminated distribution scheme. 

3. Voltage drop and short circuit calculations after verification of cable and breaker 
sizes. 

4. Rating / derating calculations for the specified equipment. 

5. Design calculations associated with communications and security systems 


engineering, power consumption and heat dissipation, link budget, fiber count, 
Quality of Service (QoS), redundancy, reliability and service availability. 

6. Any required calculation necessary to define component/equipment sizes for the 
proper operation of the electrical and ELV systems, and to confirm compliance with 
specified Regulations and Standards. 


D. Shop and Construction Drawings: 
1. Dimensioned plans and sections or elevation layouts of electrical equipment, as 
applicable. 
2. Shop and construction drawings must demonstrate that the design requirements are 


understood by indicating all equipment and material proposed to be supplied and 
installed and by detailing fabrication and installation methods proposed to be used. 
Shop and construction drawings shall clearly state the name and location of the work, 
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the names of Engineer and Contractor, submission date and Specification and the 
specific reference number, location, service and function of each item. 


E. Field Test Reports: Indicate and interpret test results for compliance with performance 
requirements[, and arrange for certification by manufacturer / manufacturer’s authorized 
representative]. 

F. Electrical installation shall be fully rated for the power source and load characteristics as 


also for the fault conditions expected and protection selectively coordinated for full 
discrimination, considering the different manufacturers products used in the system. 


G. Technical Literature: Include detailed manufacturers’ specifications and original catalogues 
or catalogue cuts, characteristics, model number, application and operating criteria of all 
equipment and materials, together with other information necessary to satisfy Engineer that 
proposed equipment and systems are suitable and adequate. 


H. List of Proposed Manufacturers: Of all equipment and materials, including all items for 
which choice of manufacturer is at own discretion, shall be submitted for approval. 


I. Assembled Equipment: Any assembled equipment to be supplied for the project shall be 
assembled by the manufacturer or his authorized assembler. Submit the necessary 
documents to substantiate the above including the assembler staff training, quality control, 
etc. The Engineer reserves the right to reject any local assembler if the information 
submitted is not sufficient. The Engineer's rejection in that respect is final and not subject to 
discussion. 


J. Test Certificates and Reports: Submit manufacturer's type and routine test certificates and 
reports for equipment and devices. Complete test results shall be submitted in clearly 
identified and organised booklets, indicating item of equipment, make, model, type, date of 
tests, type of tests, descriptions and procedures. Include in the test reports the Quality 
Assurance Certification, the standards to which the equipment comply, and the standards to 
which the equipment was tested. 


K. Factory Testing: Locally manufactured/assembled equipment shall comply with the relevant 
standards recommendations and shall be witnessed by Engineer, where required in the 
relevant Specifications Section. If the manufacturer's test certificates/tests are not complying 
with the standards, then independent laboratory tests shall be carried out on equipment in 
accordance with the Specification and the Standards, and as required by Engineer. The 
Engineer's requirements in that respect are final and not subject to discussion. 


L. Spare Parts Schedules: Submit with the Proposal itemised schedules of spare parts to be 
provided, as required by the Specification, and state against each item the manufacturer's 
unit price including packaging and delivery to site. 


M. Tools And Instruments Schedules: Submit with the Proposal itemised schedules of tools and 
instruments to be provided, as required by the Specification, and state against each item the 
manufacturer's unit price including packaging and delivery to site. 


N. Labeling Schedule: Submit for approval, prior to installation, a schedule of all equipment 
and devices to be labeled and the suggested details, lettering, position and fixing methods of 
each label indicating its application. 
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1.9 


1.10 


Samples: Submit samples of all equipment and materials for approval. Major items of 
equipment for which samples cannot be submitted shall be demonstrated in existing 
installations or by manufacturer's information, test certificates and reports. 


As-Built (Record) Drawings: Prior to Substantial Completion, submit Record Drawings 
certified by the Engineer on installed electrical systems, in accordance with requirements of 
the Specification, Division 01. The As-Built (Record) Drawings, where applicable, shall 
include data on existing works. The As-Built Records shall be made progressively as the 
Work proceeds. 


Submit CVs of electrical Engineers, electrical personnel, and quality personnel, for 
Engineer’s review and approval. 

QUALITY ASSURANCE 

Comply with related Standards, specified therein. 


Installations shall be carried out by qualified personnel. 


COORDINATION 


Coordinate chases, slots, inserts, sleeves, and openings with general construction work and 
arrange in building structure during progress of construction to facilitate the electrical 
installations that follow. 


1. Set inserts and sleeves in poured-in-place concrete, masonry work, and other 
structural components as they are constructed. 


Sequence, coordinate, and integrate installing electrical materials and equipment for 
efficient flow of the Work. 


Coordinate electrical service connections to components furnished by utility companies. 


1. Coordinate installation and connection of exterior underground and overhead utilities 
and services, including provision for electricity-metering components. 

2: Comply with requirements of authorities having jurisdiction and of utility company 
providing electrical power and other services. 


Where electrical identification devices are applied to field-finished surfaces, coordinate 
installation of identification devices with completion of finished surface. 


EQUIPMENT AND MATERIALS 


Availability: Confirm availability of equipment and materials proposed for use in the work 
prior to submission for approval. If, after approval, equipment or materials cease to be 
available, submit alternative items of equal quality and type for approval. 


Acceptance by Authority: Confirm that proposed equipment and material characteristics 
where required are compatible with the requirements of the Local Power Authority or other 
Authorities having jurisdiction and are acceptable to them. Inform Engineer of any 
modifications necessary to comply with the Local Power Authority's requirements. 
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C. Manufacturers’ Standards: Equipment shall be the latest standard product of the 
manufacturer. Component parts shall be the product of a single manufacturer, unless 
otherwise approved and provided that components made by other manufacturers are of a 
standard design and are interchangeable. 


D. Approved Manufacturers: Listing of approved manufacturers in the Specification does not 
necessarily constitute approval of their standard products as equal to those specified. 
Ascertain that listed manufacturers are able to supply equipment and material in conformity 
with the Specification. 


E. Factory Assembly: Equipment generally shall be supplied in complete factory assembled 
units ready for installation on site. Dis-assembly necessary for transportation or other 
purposes shall be arranged to limit site work to simple re- assembly and inter-wiring of 
control and power cabling. 


F. Storage of Materials: Equipment and materials shall be stored in an approved location, 
under cover, free from humidity, dust, debris and rodents. Equipment sensitive to heat and 
humidity shall be kept in climatically conditioned areas until installed and handed over. 


G. Defective Equipment: The Employer reserves the right to operate operable defective 
equipment during the Defects Liability Period until it can be removed from service for 
repair or replacement. 


H. Warranty: Where required by the Specification, provide a warranty, signed by the 
manufacturer (including his agreement to replace promptly, defective equipment or parts 
thereof, as instructed by the Engineer) covering materials and workmanship for the period 
stated in the Specification, starting at substantial completion. Assign the benefits of such 
warranty to the Employer. 


I. Spare Parts: Not later than the date of substantial completion, provide spare parts required 
by the Specification, together with suitable means of identifying, storing and securing same. 


J. Tools and Instruments: Not later than the date of substantial completion, provide sets of 
tools and instruments required by the Specification, together with suitable means of 
identifying, storing and securing same. 


K. Label and identify all equipment, instruments, control and electrical devices etc. to indicate 
duty, service or function, to the satisfaction of Engineer. Labels shall be laminated anodized 
aluminum discs with black surface and white core with incised lettering in [English]. 
Alternative methods of labelling may be submitted for approval. Fix labels with non- 
corrodible screws to equipment, or to adjacent permanent surfaces or as approved by 
Engineer. 


L. Systems used before substantial completion shall have all consumable elements, such as 
lamps etc. and defective equipment replaced by new, within 7 days prior to the date of 
substantial completion. 


M. All panels and electrical boards shall have designs permitting easy access of internal 
components for maintenance and replacement without disturbing other components. All 
equipment shall be designed for easy and simple operation. 


N. Contractor shall be responsible to define the necessary power supplies, taking into account 
the installed load of chosen equipment and final condition of installation, as well as any 
other considerations as to allow the proper operation and maintenance of equipment. 
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PART 2 - PRODUCTS 


2.1 SUPPORTING DEVICES 

A. Material: Cold-formed steel, with corrosion-resistant coating. 

B. Metal Items for Use Outdoors or in Damp Locations: Hot-dip galvanized steel. 

C. Slotted-Steel Channel Supports: Flange edges turned toward web, and 14-mm diameter 
slotted holes at a maximum of 50-mm centers in webs. 

1. Channel Thickness: Selected to suit structural loading. 
2 Fittings and Accessories: Products of the same manufacturer as channel supports. 

D. Nonmetallic Channel and Angle Systems: Structural-grade, factory-formed, glass-fiber-resin 
channels and angles with 14-mm diameter holes at a maximum of 200-mm centers in at 
least one surface. 

1. Fittings and Accessories: Products of the same manufacturer as channels and angles. 
2. Fittings and Accessory Materials: Same as channels and angles, except metal items 
may be stainless steel. 

E. Raceway and Cable Supports: Manufactured clevis hangers, riser clamps, straps, threaded 
C-clamps with retainers, ceiling trapeze hangers, wall brackets, and spring-steel clamps or 
click-type hangers. 

F. Pipe Sleeves: Schedule 40, galvanized steel, flanged for outdoor installation from any side. 

G. Cable Supports for Vertical Conduit: Factory-fabricated assembly consisting of threaded 
body and insulating wedging plug for non-armored electrical cables in riser conduits. Plugs 
have number and size of conductor gripping holes as required to suit individual risers. Body 
constructed of malleable-iron casting with hot-dip galvanized finish. 

H. Expansion Anchors: Carbon-steel wedge or sleeve type. 

I. Toggle Bolts: All-steel springhead type. 

2.2 ELECTRICAL IDENTIFICATION 

A. Identification Devices: A single type of identification product for each application category. 
Use colors prescribed by these Specifications. 

B. Raceway and Cable Labels: Minimum size of letters for legend and minimum length of 
color field for each raceway and cable size to meet IEC Standards. 

C. Colored Adhesive Marking Tape for Raceways, Wires, and Cables: Self-adhesive vinyl 
tape, not less than 25 mm wide by 0.08 mm thick. 

D. Underground Warning Tape: Permanent, bright-colored, continuous-printed, vinyl tape 
with the following features: 

1. Not less than 150 mm wide by 0.102 mm thick. 
2: Compounded for permanent direct-burial service. 
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2.3 


3. Embedded continuous metallic strip or core. 
4. Printed legend that indicates type of underground line. 


Tape Markers for Wire: Vinyl or vinyl-cloth, self-adhesive, wraparound type with 
preprinted numbers and letters. 


Equipment Nameplates: Non-corroding, robust metal, inscribed in [English], and firmly 
fixed to equipment at factory. Nameplates shall indicate name and address of manufacturer, 
model, serial number, basic characteristics and ratings of equipment and shall include 
elementary diagrams etc., all in accordance with the Standards. Equipment shall also be 
further identified after location at site, indicating the nomenclature number as per approval. 
As a general practice, the identification labels shall be suitably located on adjoining surface 
or on separate support and not on the electrical device which could be removed and 
replaced. 


Color-Coding Cable Ties: Nylon, self-locking type. Colors to suit coding scheme. 


Engraved-Plastic Labels, Signs, and Instruction Plates: Engraving stock, melamine plastic 
laminate punched or drilled for mechanical fasteners 1.6-mm minimum thickness for signs 
up to 129 sq. cm and 3.2-mm minimum thickness for larger sizes. Engraved legend in black 
letters on white background. 


Interior Warning and Caution Signs: Preprinted, aluminum, baked-enamel-finish signs, 
punched or drilled for mechanical fasteners, with colors, legend, and size appropriate to the 
application. 


Exterior Warning and Caution Signs: Weather-resistant, non-fading, preprinted, cellulose- 
acetate butyrate signs with 1-mm, galvanized-steel backing, with colors, legend, and size 
appropriate to the application. 6-mm grommets in corners for mounting. 


Fasteners for Nameplates and Signs: Self-tapping, stainless steel screws or No. 10/32 
stainless-steel machine screws with nuts and flat and lock washers. 


BRACKETS, SUPPORTS, RAILS AND TRACKS 


Brackets, supports, rails and tracks for supporting electrical installations shall be galvanized 
steel, fixed with expansion bolts of approved size and material. Plastic inserts and lead 
anchors are not acceptable unless approved for specific light duty installations. 


Covers shall be suitably dimensioned and matched to provide perfect level surface with 
flush-mounted lifting handles. Cut edges of trench covers shall be provided with neoprene 
trims to avoid sharp edges. Cable trench covers shall be supported with additional members 
at wide spaces. 


All supports used in external locations, cable trenches and manholes shall be provided with 
an additional coat of U.V resistant paint, of a color to Engineer’s approval. 


All fixing hardware used in non-air-conditioned spaces, shall be made of non-corrosive 
material. 
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2.4 


A. 


B. 


C. 


2.5 


A. 


B. 


CONCRETE BASES 


Concrete Forms and Reinforcement Materials: As specified in Division 3 Section "Cast-in- 
Place Concrete." 


Equipment Foundations and Bases: Reinforced concrete, as approved by Engineer after 
submission of design calculations. Dimensions, levels and surface finishes shall be suitable 
for equipment installed, in accordance with approved shop and construction drawings. 


Alternatively and where concrete bases are not possible, equipment can be anchored to 
steel-channel sills 100 mm high (min and as necessary), arranged and sized according to 
manufacturer's written instructions. Attach by tack welding or bolting. Level and grout sills 
flush with equipment mounting surface. 


TOUCHUP PAINT 


For Equipment: Equipment manufacturer's paint selected to match installed equipment 
finish. 


Galvanized Surfaces: Zinc-rich paint recommended by item manufacturer. 


PART 3 - EXECUTION 


3.1 ELECTRICAL EQUIPMENT INSTALLATION 

A. Installations Generally: 

1. Carry out Electrical Work in accordance with the Specification and Regulations, 
ensuring compliance with design and performance requirements, to provide safe and 
protected systems with equipment readily accessible for operation, maintenance and 
repair. 

2. Installations shall be complete, ready for operation and fully integrated and 
coordinated with all other work. 

3. Provide accessories necessary to complete the installations, of the types specified or 
recommended for the purpose by the manufacturer of the equipment or accessories. 

B. Equipment: Install to facilitate service, maintenance, and repair or replacement of 
components. Connect for ease of disconnecting, with minimum interference with other 
installations. 

C. Right of Way: Give to raceways and piping systems installed at a required slope. Generally, 
all cabling, power conductor routing shall be located above any piping, unless specifically 
approved otherwise. 

3.2 ELECTRICAL SUPPORTING DEVICE APPLICATION 

A. Damp Locations and Outdoors: Hot-dip galvanized materials or nonmetallic, U-channel 
system components. 

B. Dry Locations: Steel materials. 
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3.3 


Support Clamps for PVC Raceways: Click-type clamp system. 
Selection of Supports: Comply with manufacturer's written instructions. 


Strength of Supports: Adequate to carry present and future loads, times a safety factor of at 
least three or 90-kg concentrated load, whichever is more stringent. 


SUPPORT INSTALLATION 


Install support devices to securely and permanently fasten and support electrical 
components. 


Install individual and multiple raceway hangers and riser clamps to support raceways. 
Provide U-bolts, clamps, attachments and other hardware necessary for hanger assemblies 
and for securing hanger rods and conduits. 


Support parallel runs of horizontal raceways together on trapeze- or bracket-type hangers. 


Size supports for multiple raceway installations so capacity can be increased by a 25 percent 
minimum in the future. 


Support individual horizontal raceways with separate, malleable-iron pipe hangers or 
clamps. 


Install 6-mm- diameter or larger threaded steel hanger rods, unless otherwise indicated. 


Arrange supports in vertical runs so the weight of raceways and enclosed conductors is 
carried entirely by raceway supports, with no weight load on raceway terminals. 


Simultaneously install vertical conductor supports with conductors. 


Separately support cast boxes that are threaded to raceways and used for fixture support. 
Support sheet-metal boxes directly from the building structure or by bar hangers. If bar 
hangers are used, attach bar to raceways on opposite sides of the box and support the 
raceway with an approved fastener not more than 600 mm from the box. 


Install sleeves for cable and raceway penetrations of concrete slabs and walls unless core- 
drilled holes are used. Install sleeves for cable and raceway penetrations of masonry and 
fire-rated gypsum walls and of all other fire-rated floor and wall assemblies. Install sleeves 
during erection of concrete and masonry walls. 


Securely fasten electrical items and their supports to the building structure, unless otherwise 
indicated. Perform fastening according to the following unless other fastening methods are 
indicated: 


1. Wood: Fasten with wood screws or screw-type nails. 

Masonry: Toggle bolts on hollow masonry units and expansion bolts on solid 
masonry units. 

New Concrete: Concrete inserts with machine screws and bolts. 

Existing Concrete: Expansion bolts. 

Instead of expansion bolts, threaded studs driven by a powder charge and provided 
with lock washers may be used in existing concrete. 

6. Steel: Welded threaded studs or spring-tension clamps on steel. 


A aah oe 
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7. Welding to steel structure may be used only for threaded studs, not for conduits, pipe 
straps, or other items. 

8. Light Steel: Sheet-metal screws. 

9. Fasteners: Select so the load applied to each fastener does not exceed 25 percent of 
its proof-test load. 


IDENTIFICATION MATERIALS AND DEVICES 
Comply with BS 822 and IEC 60034-8. 


Install at locations for most convenient viewing without interference with operation and 
maintenance of equipment. 


Coordinate names, abbreviations, colors, and other designations used for electrical 
identification with corresponding designations indicated in the Contract Documents or 
required by codes and standards. Use consistent designations throughout Project. 


Self-Adhesive Identification Products: Clean surfaces before applying. 


Install continuous underground plastic markers during trench backfilling, for exterior 
underground power, control, signal, and communication lines located directly above power 
and communication lines. Locate 150 to 200 mm below finished grade. If width of multiple 
lines installed in a common trench or concrete envelope does not exceed 400 mm, overall, 
use a single line marker. 


Install warning, caution, and instruction signs where needed to ensure safe operation and 
maintenance of electrical systems and of items to which they connect. Install engraved 
plastic-laminated instruction signs with approved legend where instructions are needed for 
system or equipment operation. Install metal-backed butyrate signs for outdoor items. 


Labels: Labels shall be provided inside the boxes or cubicles to describe the functions of the 
various items of equipment. Where the cubicle is divided into compartments each door 
shall have an external label to identify the compartment. 


CABLE SEGREGATION AND FIRE RISK 


Each cable shall be run in one continuous length, straight through joints will not be 
permitted unless specifically authorized by the Engineer in writing. 


Wherever cables/wires are routed with a likelihood of these being exposed to high 
temperature, they shall be provided with additional “heat resistant” sleeves to Engineer’s 
approval. 


CONCRETE BASES 


Construct concrete bases of dimensions indicated or otherwise required, but not less than 
100 mm larger, in both directions, than supported unit. Follow supported equipment 
manufacturer's anchorage recommendations and setting templates for anchor-bolt and tie 
locations, unless otherwise indicated. For concrete and reinforcement characteristics, refer 
to Division 03 Section "Cast-in-Place Concrete." 
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HOLES AND ANCHORS 


Drilling for anchor bolts shall be carried out using appropriate electric drills and in approved 
positions. 


Holes and chases in in situ concrete shall be cast in. Do not cut hardened concrete or drill 
holes larger than 10-mm diameter without prior approval. 


Holes and Chases in Pre-cast Concrete: do not cut or drill pre-cast concrete without prior 
approval. 


Holes in Structural Steelwork: Do not cut or drill structural steelwork without prior 
approval. 


Holes and chases in masonry must not exceed: 
1. Size of holes: 300-mm square. 


2. Depth of vertical chases: 1/3 wall thickness or, in cavity walls, 1/3 leaf thickness. 
3. Depth of horizontal chases: 1/6 wall or leaf thickness. 


Cutting Masonry: 

1. Ensure mortar is fully set before commencing. 
Cut carefully and neatly, avoiding spalling, cracking or other damage to surrounding 
structure. 

3. Keep holes to smallest practicable size and do not exceed specified dimensions. 

4. Cut chases in straight lines and horizontally and vertically only; do not set back to 


back; offset by a distance not less than wall thickness. 


Preformed Holes in Masonry: Submit proposals for bridging over holes for ducts etc. which 
exceed 450-mm width. 


DEMOLITION 


Demolition shall comply with Division 02 Sections "Structure Demolition" and "Selective 
Demolition". 


CUTTING AND PATCHING 


Cut, channel, chase, and drill any other surfaces required to permit electrical installations. 
Before start of work, re-confirm from existing “As-builts” the locations of existing services 
in the area and obtain approval for work notification. Perform cutting by skilled mechanics 
of trades involved. 


Repair and refinish disturbed finish materials and other surfaces to match adjacent 
undisturbed surfaces. Install new fireproofing where existing fire stopping has been 
disturbed. Repair and refinish materials and other surfaces by skilled mechanics of trades 
involved. 
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3.10 DELIVERY, STORAGE, AND HANDLING 
A. Install equipment only in dust-free environment and maintain the condition with protective 
covering as necessary. If air-conditioning is required, ensure it is available by installation 
time. In general, ensure that locations are complete and ready to receive equipment. 
B. Ensure that rooms where equipment are installed are provided with lockable doors. 
3.11 FIELD QUALITY CONTROL 
A. Inspect installed components for damage and faulty work, including the following: 

1. Supporting devices for electrical components. 

2. Electrical identification. 

3. Electricity-metering components. 

4. Concrete bases. 

5. Cutting and patching for electrical construction. 

6. Touchup painting. 

B. Field tests shall, in addition to those specified by regulation, specifically include the 
following: 

1. Insulation resistance tests for all parts of the electrical system, irrespective of voltage 
class and shall include individual measurement between the various live conductors 
as also between the individual live conductors and ground. 

2. Earthing resistance at each equipment. 

3. Loop impedance of each circuit. 

4. Earth leakage protection device test. 

3.12 REFINISHING AND TOUCHUP PAINTING 

1. Clean damaged and disturbed areas and apply primer, intermediate, and finish coats 
to suit the degree of damage at each location. 

2. Follow paint manufacturer's written instructions for surface preparation and for 
timing and application of successive coats. 

3. Repair damage to galvanized finishes with zinc-rich paint recommended by 
manufacturer. 

4. Repair damage to PVC or paint finishes with matching touchup coating 
recommended by manufacturer. 

3.13 CLEANING AND PROTECTION 
A. On completion of installation, including outlets, fittings, and devices, inspect exposed 
finish. Remove burrs, dirt, paint spots, and construction debris. 
B. Protect equipment and installations and maintain conditions to ensure that coatings, finishes, 
and cabinets are without damage or deterioration at time of Substantial Completion. 
END OF SECTION 260500 
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SECTION 260519 - LOW VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 
A. General provisions of the Contract, including Conditions of Contract and Division 1 
Specification Sections, apply to this Section. 
1.2 SUMMARY 


A. This Section includes low voltage (LV) feeder cables, branch circuit wiring, control and 
signal cables, termination, jointing and splicing. 


B. Related Sections include the following: 
1. Division 26 Section "Basic Electrical Materials and Methods". 
2: Division 26 Section "Underground Ducts and Raceways for Electrical Systems " with 
its related sections. 


1.3 SUBMITTALS 


A. Technical Data: Submit data for approval including, but not limited to, the following: 


1. Constructional details, standards to which cables comply, current carrying capacities, 
de-rating factors for grouping and temperature. 

2. Manufacturer's catalogue cuts. 

3: Dimensional and electrical characteristics. 

4. Manufacturer's drawings showing the outline of the lugs and sleeve connectors 


together with all pertinent dimensions. Any variation in these dimensions due to 
manufacturing tolerances shall be indicated. 


B. Samples of each cable and wire and, if requested by Engineer, other accessories. 


Ç; Shop and Construction Drawings: Submit drawings for approval including, but not limited 
to, the following: 


1. Exact routing layouts, feeder, sub-feeder cables and branch circuits, with indication 
of any equipment to show and verify coordination between various trades. 

2. Details of supports and fixings for buses and cables. 

3. Details of connections to switchboards, panelboards etc. 

4. Details of terminations, splices and tapings where permitted, glands and bushings at 
enclosures. 

5. Number and size of conductors in conduit for all branch circuits in accordance with 


final conduit routing. 
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Certificate of Origin: For each lot of cable supplied, provide a certificate of origin issued by 
manufacturer stating origin, date of manufacture, composition, standards to which it 
complies and test certificates. All test certificates shall comply with the test requirements of 
the relevant standard to which the cable is manufactured. 


Tests and Certificates: Submit complete certified manufacturer's type test records for cables 
and accessories in accordance with the Standards. 


Point-wise compliance statement to the specifications, duly signed by the manufacturer / 
manufacturer’s authorized representative and the contractor. 


Cable Jointing Qualifications: Submit details of the proposed cable jointers qualifications 
prior to work commencing on site. 


Field Test Reports: Indicate and interpret test results for compliance with performance 
requirements. 
QUALITY ASSURANCE 


Installer Qualifications: Engage an experienced and certified cable splicer to install, splice 
and terminate low-voltage cables. 


Standards: Wires and cables shall comply with IEC or other equally approved standards and 
shall bear the mark of identification of the Standards to which they are manufactured. Wires 
and cables not having this identification will be rejected. 


Current carrying capacities of conductors have been determined in accordance with the 
Regulations for specified type of insulation and expected conditions of installation. No 
change will be accepted in specified type of insulation unless warranted by special 
conditions and approved by Engineer. Check various loads and current carrying capacities 
and report any discrepancies or insufficiency of sizes indicated to Engineer. 


DELIVERY, STORAGE, AND HANDLING 


Deliver wires and cables properly packaged in factory packed or fabricated containers, 
wound on factory reels. 


Store wires and cables in dry areas, and protect from weather, fames, water, debris, etc. 
Handle wire and cable carefully to avoid abrasing, puncturing and tearing wire and cable 
insulation and sheathing. Ensure that dielectric resistance integrity of wires/cables is 
maintained. 

COORDINATION 


Coordinate layout and installation of cables with other installations. 


Revise locations and elevations from those indicated, as required to suit field conditions and 
as approved by Engineer. 
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PART 2 - PRODUCTS 


2.1 MANUFACTURERS 
A. Approved Manufacturers: Subject to compliance with requirements, provide products by 
one of the following or approved equal: 
1. Low Voltage Cables: 
a. B.LC.C. 
b. Nexans 
c. Prysmian 
d. Lapp Kabel 
e. General Cables 
f. Belden 
g. The Okonite Co. 
h. Draka 
i. Bahra Cables 
j. Ducab 
2: Cable Connectors: 
a. Raychem 
b. 3M 
c. B.I.C.C. 
d. Nexans 
e. Prysmian 
f. Klauke 
3. Cable Glands: 
a. CMP 
b. Hawke 
c. Stahl 
d. Thomas & Betts 
e. Prysmian 
2.2 GENERALLY 
A. Conductors: Unless otherwise specified, cables and other feeders shall have copper 
conductors. Cable conductors shall be stranded for sections 2.5 mm? and above, annealed 
electrolytic copper conductors based on IEC 60228 Class 2 for low voltage cables and class 
5 to IEC 60228 for flexible cables. Signal and control cables shall have solid conductors 
unless otherwise specified. Flexible cords shall have finely stranded conductors. Conductors 
of single-core cables 25-mm? and above shall be compacted. Multi-core cables 35-mm? and 
above shall be sectorial shape. 
B. Conductor sizes shall be metric. Conductors with cross-sectional area smaller than specified 
will not be accepted. 
C. Low voltage cables, cable terminations and building wiring insulation shall be color coded 
or otherwise identified as required by the Regulations: 
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Maintain color coding throughout installation. Phase-conductors for which outer jacket is 
not color-coded shall have engraved alphanumeric mark (L1, L2, L3) or color coded heat- 
shrinkable sleeves. 


Buried Cables: Cables buried directly in the ground shall be armored type, unless otherwise 
indicated in particular Sections of the Specification. 


Water tight cables shall be used for buried cables in high water content soil shall be 
provided with water blocking swellable tape above insulation as longitudinal water barrier, 
PE laminated aluminum foil longitudinally applied with suitable overlap as radial water 
barrier and an external outer sheath made of extruded black medium density polyethylene 
compound. As an alternative, subject to Engineer’s approval, tree retardant cross linked 
polyethylene (XLPE/TR) to ASTM D6097 insulated cables with an external outer sheath 
made of extruded black medium density polyethylene compound can be used. 


Outdoor cables exposed to sunlight shall be provided with ultraviolet resistant PVC sheath 
having 2.5% black carbon content. 


LV WIRES AND CABLES 


Single Core PVC Insulated Non-Sheathed Cables (Building Wires): Unless otherwise 
specified, single conductor cables for wiring in conduit shall have annealed copper 
conductors, compacted, generally with concentric strands and insulated with flame retardant 
insulation to IEC 60332-1, moisture and heat resistant PVC/E to IEC 60227-1 and 3, 
suitable for wet locations and for conductor temperature of 70 deg. C. Wires and cables 
shall be 450/750 V grade. 


Single Core PVC Insulated Non-Sheathed Cables (Earth Cables for Outdoor Distribution 
Boards’ Outgoing Circuits): Unless otherwise specified, single conductor cables shall have 
annealed copper conductors, compacted, generally with concentric strands and insulated 
with flame retardant insulation to IEC 60332-1, moisture and heat resistant PVC/E to IEC 
60227-1 and 3, suitable for wet locations and for conductor temperature of 90 deg. C. 
Cables shall be 450/750 V grade 


Multi-Core PVC Insulated Cables (0.6/1 kV) (Outdoor Distribution Boards’ Incoming and 
Outgoing Feeder Cables): To have annealed, copper conductors, compacted, insulated with 
PVC/A to IEC 60502-1, moisture and heat resistant, suitable for wet locations and 
conductor temperatures of 90 deg. C, laid up, bedded with suitable filler and sheathed with 
flame retardant PVC/ST2. Armored cables shall have double layer of steel tape applied 
helically so that the outer tape is approximately central over the gap of the inner tape; The 
gap between adjacent turns of each tape shall not exceed 50% of the tape’s width. The 
armor steel tapes are applied helically over extruded flame-retardant PVC/ST2 bedding 
(which may be an integral part of filling) and over-sheathed with flame retardant PVC/ST2, 
color black. Cables shall comply with IEC 60502-1, IEC 60332-3, and IEC 60811. 


CONTROL AND SIGNAL CABLES 


Multi-Core PVC Insulated Control Cables: 0.6/1 kV rating, solid 1.5 mm2, 2.5 mm2 or 
stranded 4 mm2 plain circular copper conductors, with heat resistive PVC/A to IEC 60502- 
1, rated for 70 deg. C, of 7, 12, 19, 24, 30 or 37 cores. Cores shall be laid up together and 
filled with non-hygroscopic material, and covered with copper wire or tape screen and over 
sheathed with flame retardant PVC/ST1, to form compact and circular cable for use in 
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switchgear, control gear and generally for control of power and lighting systems. Armored 
cable shall have extruded PVC bedding which may be an integral part of the filling, 
galvanized steel wire armoring, and over-sheath of flame-retardant PVC/ST1 to IEC 60502- 
1 and IEC 60332-1, color black. Core identification shall be white printed numbers 1, 2, 3 
etc. over black insulation. 


Cables shall be certified to have passed IEC 60331 fire resistance and IEC 60332-1 flame 
retardance and reduced flame propagation to category CWZ of BS 6387. 


PE insulated control and signal cables, for use on data systems, shall be generally 300 V 
rating, polyethylene insulated, color-coded, tinned copper conductors (0.6-mm diameter), 
twisted together into pairs. Multi-pair core assembly shall be covered with binder tape, 
spirally wound 0.075-mm bare copper shielding tape and provided with drain wire and 
overall PVC sheath. 


Control and signal cables, enclosed in conduit and raceways with power cables, shall be 
insulated for same voltage grade. 


Multi core PVC insulated cables (300/500 V) annealed copper conductors, solid conductors, 
up to 4 mm? unless otherwise indicated, insulated with moisture and heat resistant PVC/C to 
IEC 60227 and with over sheath of flame redundant PVC type ST1 to IEC 60227 and IEC 
60332-1. 

TERMINATION AND SPLICE CONNECTORS (LV POWER) 

Connector terminations and splices shall be of class A to IEC 61238-1. 

Connectors shall be compression, barrel crimped type. 


Connectors for copper conductors shall be made of electrolytic copper. 


All termination and splice connectors specified above shall be tin plated with minimum 
thickness of 5 microns for copper material 


Termination connectors for aluminum-copper termination shall consist of barrel made of 
aluminum alloy of purity not less than 99.5% and palm made of forged copper connected 
using a friction stir welding. 


Splice connectors for aluminum-copper termination shall consist of two barrels, one is made 
of electrolytic copper and the other is made of aluminum alloy of purity not less than 99.5% 
connected using a friction stir welding. 


Splice connectors shall have a central stop to divide the connector into two equal parts to 
facilitate the correct cable positioning. 


Connectors shall be as recommended by manufacturer, to render joints equal to cable in 
characteristics, in terms of insulation, stress distribution and water-tightness. Materials and 
methods of jointing shall be approved before confirmation of order. 


Connectors shall be suitable for cable size used. 


Connector - Type A-1: Heat shrinkable or cold shrinkable for making T-taps and splices on 
conductors used in external lighting fittings connections. 
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Connector - Type A-2: Pressure indent type, for terminating or making T-taps and splices on 
conductors 10 mm2 and smaller. Connector shall be non-ferrous copper alloy applied to 
conductor by mechanical crimping pressure, with vinyl insulating sleeves or phenolic 
insulating covers. 


Connector - Type A-3: Bolted pressure split type for terminating or making T-taps and 
splices on conductors 16 mm2 and larger. Connector shall be cast non-ferrous copper alloy 
applied to conductor by clamping with minimum of two screws and provided with phenolic 
insulating cover. 


Connector - Type B-1: Pre-insulated, spring type, for branch circuit and fixture wiring. 
Connector shall be steel encased spring with shell, insulated with vinyl cap and skirt. 


All components of lugs and connectors shall be clearly marked with the manufacturer’s 
name, die number, cable / conductor size, number of crimps and position. 


CABLE GLANDS 
Cable glands shall comply with BS 6121-1, BS 6121-5 and BS EN 50262. 


Cable glands used with unarmored cables shall be made of brass, type A2 to BS 6121-5, 
with mechanical retention class B to BS EN 50262, impact resistance category 8 to BS EN 
50262 and an environmental seal to the cable outer sheath. Glands shall be deluge protected, 
with IP66 degree of protection to IEC 60529. 


Cable glands used with single steel wire armored cables shall be made of brass, type CW to 
BS 6121-5, with mechanical retention class B to BS EN 50262, impact resistance category 8 
to BS EN 50262, electrical continuity via armor wire termination category B to BS EN 
50262, earth tag to BS EN 50262 and an environmental seal to the cable outer sheath. 
Glands shall have IP66 degree of protection to IEC 60529. 


Cable glands used with steel tape or wire braid armor shall have similar characteristics as 
specified in paragraph 2.6C except gland type which shall be CX instead of CW to BS 
6121-5. 


Cable glands used with single steel wire armored cables where sprinkler / water mist 
firefighting systems are used shall be made of brass, type E1W to BS 6121-5, with 
mechanical retention class B to BS EN 50262, impact resistance category 8 to BS EN 
50262, electrical continuity via armor wire termination category B to BS EN 50262, earth 
tag to BS EN 50262 and an environmental seal to the cable inner and outer sheaths. Glands 
shall be deluge protected, with IP66 degree of protection to IEC 60529. 


Cable glands used with steel tape or wire braid armor shall have similar characteristics as 
specified in paragraph 2.6E except gland type which shall be E1X instead of E1W to BS 
6121-5. 


Stainless steel grade 316 cable glands shall be used in installations in chemical and 
extremely corrosive areas and where stainless steel enclosures are used. Glands shall have 
same applicable characteristics according to cable type as above. 


Cable glands used with LSOH or fire resistant cables shall be of the applicable type as stated 
above and provided with low smoke fume shroud. 
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Cable glands shall be suitable for cable size used. 


PART 3 - EXECUTION 


3.1 


32 


EXAMINATION 


Examine raceways and building finishes receiving wires and cables for compliance with 
requirements for installation tolerances and other conditions affecting performance of wires 
and cables. Do not proceed with installation until unsatisfactory conditions have been 
corrected. 


Before pulling wires in conduit check that inside of conduit (and raceway in general) is free 
of burrs and is dry and clean. 


INSTALLATION 


Bunching of wires in raceways shall be in accordance with raceway filling factors permitted 
by the Regulations. 


Lubricants shall be used for pulling wire or cable if character of pull would otherwise 
damage conductors, insulation or jacket. Lubricants shall be approved by the Engineer. 


Pull conductors into raceways simultaneously where more than one is being installed in the 
same raceway. 


Support: Cables and wires pulled inside very high conduit risers shall be supported at upper 
end of risers and at intermediate points by split rubber grommets to relieve any stresses on 
conductors, where required. 


Wiring at Outlets: Leave a slack of at least 200mm at each outlet. 


Extra Length: At every branch circuit outlet and pull-box, every cable passing through shall 
be left slack to allow inspection and for connections to be made. Cables terminating in outlet 
boxes shall be left with at least 250-mm extra length for terminations. 


Joints or taps in wires and cables, if permitted, shall be permanently accessible or made only 
in boxes or cabinet gutters. 


Insulating covers shall be applied to prevent exposure of bare cable connections. 


Terminations: Conductors of wires and cables up to 6 mm2 for copper conductors shall be 
tightly twisted and where possible doubled back before being clamped with set screws. 
Where two or more wires are looped into same terminal these conductors shall be tightly 
twisted together before inserting into terminals. As an alternative, fork / ring, compression / 
twisting type connectors may be used for cable termination. In no case bare conductor shall 
be allowed to project beyond any insulated shrouding or mounting of a line terminal. Cables 
sizes 10 mm2 and larger for copper conductors shall terminate in compression lug 
connectors. 


Tagging: Tag main and feeder cables in pull-boxes, wireways and wiring gutters of 
panelboards or distribution cabinets. Tags shall identify cable or circuit number and 
conductor size in accordance with the Schedules. 
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Tagging: Where two or more circuits are run to or through a control device or outlet box, 
each circuit shall be tagged as a guide in making connections. 


FEEDER AND SUB-FEEDER INSTALLATION (0.6/1 KV) 
Cables generally shall be run directly buried or through duct-banks. 


Clamps: Where cables are fixed to steel trays or supporting structures, approved galvanized 
cast steel clamps (or nonmagnetic clamps for single core cables) shall be used at distances 
not exceeding 20 diameters. 


Joints or splices will not be accepted on main and sub-feeders. Cables shall be supplied in 
lengths sufficient for straight-through un-jointed termination to termination pull. 


Directly buried cables crossing under roads, pipe banks or other services, shall be laid in 
heavy duty PVC duct banks. In no case are cables to be directly buried in concrete, in 
masonry or in floor finishing. 


Buried cables liable to mechanical damage shall be drawn through PVC conduit or asbestos 
cement pipe. If steel conduit is used, all three-phase conductors, neutral and protective earth 
circuits shall be in the same conduit. 


Insulating covers shall be applied to prevent exposure of bare cable connections. Insulating 
cover shall be purpose made and shall provide minimum insulation level equal to that of 
conductor insulation. 


Glands for various single-core and multi-core cables shall be purpose made and suitable for 
rigid mounting to equipment enclosure. 


Identify wires and cables according to Division 26 Section "Basic Electrical Materials and 
Methods." 


CABLE CONNECTIONS, JOINTING AND TERMINATIONS 


Through joints will not be allowed in feeder cables where adequate manufacturer's lengths 
are available. Where a joint is necessary, it has to be made inside boxes, handholes or 
manholes. 


Recommendations: Through joints and terminations shall be carried out strictly in 
accordance with cable manufacturer's recommendations, and made with correct specified 
materials, boxes, tapes, compounds or mixtures, stress cones, glands and bonds as 
applicable. 


Jointing: Joints shall be filled with epoxy resin after taping unless contrary to cable 
manufacturer's recommendations. Sample site constructed cable terminations and through- 
joints shall be submitted prior to commencing work on site. Samples shall be constructed in 
the presence of the Engineer and shall be available for test and inspection in accordance 
with manufacturer's recommendations. 


Cutting tools for jointing and terminating cables shall be purpose made, to prevent damage 
to insulation in general. 
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E. 


3.5 


Cleaning of lacquer on conductors shall be by use of ‘Scotch Brite’ sponge and white spirit 
or equal approved. 


Tighten electrical connectors and terminals including screws and bolts, in accordance with 
manufacturers published torque-tightening values. Where manufacturer’s torquing 
requirements are not indicated, tighten connectors and terminals to comply with 
international standards. 


FIELD QUALITY CONTROL 


Cable tests shall be carried out in accordance with the requirements of the Regulations and 
Standards. 


Test Equipment: Provide megger testers of various ranges as applicable. Use 500 V megger 
on installations with nominal voltage up to 500 V, and 1000 V megger on installations with 
nominal voltage over 500 V up to 1000 V. 


Insulation resistance for LV power and lighting installations shall be carried out in 
accordance with BS 7671 (“The IEE wiring Regulations”). 


Insulation resistance for control and signal cables shall be minimum 10000 Megohm-km for 
PE insulated cables and 100 Megohm-km for PVC insulated cables, all measured core-core 
and core-earth, in accordance with the Regulations. 


Prior to energization of circuitry, check installed wires and cables with megohm meter to 
determine insulation resistance levels to ensure requirements are fulfilled. 


Prior to energization, test wires and cables for electrical continuity and for short-circuits. 
Subsequent to wire and cable hook-ups, energize circuitry and demonstrate functioning in 


accordance with requirements. Where necessary, correct malfunctioning units, and then 
retest to demonstrate compliance. 


END OF SECTION 260519 
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SECTION 260526 - GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. General provisions of the Contract, including Conditions of Contract and Division 1 
Specification Sections, apply to this Section. 


B. The following Sections contain special requirements that relate to this Section: 


1. Division 26 Section "Underground Ducts and Raceways for Electrical Systems” for 
ground earth pits. 

2. Division 26 Section "Basic Electrical Materials and Methods". 

3. Division 26 Section "Conductors and Cables". 


1.2 SUMMARY 


A. This Section includes complete installations to earth every source of energy and to provide 
protective earthing and equipotential bonding, based on the T-T system arrangement, 
including: 


1. Main earthing terminals or bars. 
2: Exposed conductive parts of electrical equipment. 
3. Extraneous conductive parts. 


Earthing requirements specified in this Section may be supplemented by special 
requirements of systems described in other Sections. 


1.3 DEFINITIONS 


A. The following terms used in the Specification are equivalent and may be used 
interchangeably: "earth" and "ground"; "earthing" and "grounding". 


B. Earth: Conductive mass of the Earth whose electric potential at any point is conventionally 
taken as zero. 


C. Earth Electrode: Conductor or group of conductors in initial contact with, and providing 
electrical connection to, Earth. 


D. Exposed Conductive Part: Any part which can be readily touched and which is not a live 
part, but which may become live under fault conditions. 


E. Extraneous Conductive Part: Any conductive part not forming part of the electrical 
installation such as structural metalwork, metallic gas pipes, water pipes, heating tubes etc. 
and non-electrical apparatus electrically connected to them i.e. radiators, cooking ranges, 
metal sinks etc. and non-insulating floors and walls. 
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F. Protective Conductor: Conductor used for some measure of protection against electric shock 
and intended for connecting together any of the following parts: 


Exposed conductive parts. 

Extraneous conductive parts. 

Earth electrode(s). 

Main earthing terminal or bar(s). 

Earthed point of the source(s). 

Samples of conductors connectors, or any other accessories as requested by the 
engineers. 


E a a So lo 


G. Electrically Independent Earth Electrodes: Earth electrodes located at such distance from 
one another that maximum current likely to flow through one of them does not significantly 
affect the potential of the other(s). 


H. Main Earthing Terminal or Bar: The terminal or bar provided for the connection of 
protective conductors, including equipotential bonding and functional earthing conductors if 


any to the means of earthing. 


I. Equipotential Bonding: Electrical connection to put exposed and extraneous conductive 
parts at a substantially equal potential. 


J. Earthing Conductor: Protective conductor connecting main earthing terminal or bar of an 
installation to earth electrode or to other means of earthing. 
1.4 SUBMITTALS 


A. Product Data: Prior to ordering materials, submit data for approval including, but not 
limited to, manufacturer’s catalogues for each type of product indicated including the 


following: 

1. Ground rods. 

2: Connecting clamps. 

3. Earthing conductors, protective conductors, and bonding conductors. 
4. Connectors and other accessories. 

5. Exothermic welding kits and tools. 


B. Qualification Data: For firms and persons specified in "Quality Assurance" Article to 
demonstrate their capabilities and experience. Include lists of completed projects with 
project names and addresses, names and addresses of architects/engineers and owners, and 
other information specified or required by Engineer. 


C. Field Test Reports: Submit written test reports to include the following: 


1. Test procedures used and test conditions. 
Test results that comply with requirements. 
3. Results of failed tests and corrective action taken to achieve test results that comply 


with requirements. 


D. Shop and Construction Drawings: Submit drawings for approval including, but not limited 
to, the following: 


1. Exact location of earth pits, rods and details of installation and connections. 
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1.5 


2: Exact routing of buried earthing conductors with indication of cross-section, depth of 
laying and covering. 

3. Cross sectional area of all earthing, protective and bonding conductors. 

4. Layout and details of earthing provisions at outdoor distribution boards, lighting 


poles etc., indicating fittings used, insulation, plates and marking, passage and routing 
of earthing conductors, conduit, sleeves, grooves, niches etc., giving sizes and 
dimensions of component parts. 


Records: Submit the following: 


1. Scaled drawings, as-installed, showing actual layout and specification of all 
components of earthing system. 

2. Nature of soil and any special earth arrangements etc. 

3. Date and particulars of soil conditioning method and agents if used. 


Samples: Submit samples of conductors, as requested by Engineer. 


QUALITY ASSURANCE 


Installer Qualifications: Engage an experienced installer who has specialized in installing 
earthing systems similar in material, design and extent to those indicated for this Project and 
whose work has resulted in installations with a record of successful in-service performance. 


Standards: Carry out work in accordance with the following: 


1. IEC 60364-1, IEC 60364-51, IEC 60364-5-55 and IEC 60364-4-41: Electrical 
Installations in Buildings. 

2. Latest edition of the IEE Wiring Regulations, BS 7671. 

3. BS 7430: Code of Practice for Earthing. 


PART 2 - PRODUCTS AND SYSTEMS 


2.1 MANUFACTURERS: 
A. Approved Manufacturers: Subject to compliance with requirements, provide products by 
one of the following or approved equal: 
1. BICC 
2: Copperweld 
3: Furse 
4. Wallis 
2.2 GENERAL REQUIREMENTS 
A. Component parts of earthing system are to include the following: 
1. Earth electrode (rods, tapes etc.) 
2. Main earthing terminals or bars. 
3. Earthing conductors. 
4. Protective conductors. 
5. Equipotential bonding conductors. 
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6. Electrically independent earth electrodes for special systems. 
7. Accessories and termination fittings, bonding, welding kits and other materials. 
B. Provide a common earth termination network for all services, consisting of bonding earthing 


networks of all individual services. The resistance to earth should, in this case be the lowest 
value needed for any of the individual services. Combined resistance to ground of the whole 
network is not to exceed [1] Ohms. 


Ground Electrode: Provide one or a combination of the following arrangements as necessary: 


C. Earth electrode is to consist of one or more earth rods, interconnected by buried earthing 
tape or cable; distance between two rods is not to be less than twice the length of one rod 
driven depth. 


D. Ring type earth electrode consisting of earthing conductors, in a closed loop, buried in 
exterior wall foundations underneath the water-proofing, or alternatively buried at a depth of 
0.5 m and a distance of about 1 m around external walls. Connect all earthing conductors to 
this ring. Insulated connection flags into the installation, of same material as earthing 
conductors, at locations specified in point (F) underneath are to terminate into bolt-type 
earth points (studs) or test- links for connection of main earth bar(s). Additional earth rods 
connecting with the earth ring are to be provided, as necessary, to bring down earth 
electrode resistance to the specified value. 


E. Alternative Earth Electrode: other types of earth electrode may be used, after approval, 
including: 


1. Cast iron pipes with special surround material 
2. Copper plate(s) 
3. Tape mats (strips). 


F. Main earthing bar is to be provided at point of service entrance (outdoor distribution 
boards); as described in the Specification. Connect all earthing conductors, protective 
conductors and bonding conductors to the main earthing bar. Provide two insulated main 
earthing conductors, one at each end of the bar, connected via testing joints to the earth 
electrode [at two separate earth pits]. Conductor is to be sized to carry maximum earth fault 
current of system at point of application with final conductor temperature not exceeding 160 
deg. C for at 0.4 seconds for low voltage systems. Main earthing conductors are to be 
minimum 120 mm?. 


G. Testing joints (test links) are to be provided, in an accessible position, on each main earthing 
conductor, between earthing terminal or bar and earth electrode. 


H. Protective conductors are to be separate for each circuit. Where protective conductor is 
common to several circuits, cross-sectional area of protective conductor is to be the largest 
of the conductor sizes. 


1. Selection of sizes is to be in accordance with Table 54.7 of IEE Wiring Regulations 
(BS 7671). 


I. Protective conductors are not to be formed by conduit, trunking, ducting or the like. Where 
armored cable is specified and armor is steel, it may be used as a protective conductor, if 
approved. 


GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 260526 - Page 4 of 8 
P21161/4309-04-TD-SPC-15A-EL-01 REV 0 


RFP — Karachi Mobility Project (Yellow BRT) — PK-SMTA-334960-CW-RFP 
Procurement of Package - 4: NEW JAM SADIQ BRIDGE (Yellow Corridor Segment 3) 
Volume (2): Part (B) Specifications (2 of 2) - 260526 - Grounding and Bonding for Electrical Systems 


2.3 


Continuity of Protective Conductors: Series connection of protective conductor from one 
piece of equipment to another is not permitted. Extraneous and exposed conductive parts of 
equipment are not to be used as protective conductors, but are to be connected by bolted 
clamp type connectors and/or brazing to continuous protective conductors which are to be 
insulated by molded materials. 


Ensure by calculation that Earth Fault Loop Impedance values for final circuits are to satisfy 
the requirements of BS 7671 regulations. 


Supplementary Equipotential Bonding: Connect all extraneous conductive parts of the 
installations such as metallic water pipes, drain pipes, other service pipes and ducting, 
metallic conduit and raceways and cable armor to nearest earthing terminals by 
equipotential bonding conductors. Cross-section of protective bonding conductor shall not 
be less than half of the protective conductor connected to respective earthing terminal with a 
minimum of 4-mm?. 


Main Equipotential Bonding: Main incoming and outgoing water pipes and any other 
metallic service pipes are to be connected by main equipotential bonding conductors to main 
earth terminal or bar. Bonding connections are to be as short as practicable between point 
of entry/exit of services and main earthing bar. Where meters are installed, bonding is to be 
made on the premise side of the meter. Cross-sections of conductors are not to be less than 
half that of the earthing conductor connected thereto, and minimum 6 mm2. 


Identification: Connection of every earthing conductor to earthing electrode and every 
bonding conductor to extraneous conducting parts is to be labeled in accordance with the 
Regulations, as follows: 


1. SAFETY ELECTRICAL CONNECTION - DO NOT REMOVE. 


Identification: Protective and earthing conductors are to be identified by combination of 
green-and-yellow colors of insulation or by painting bar conductors with these colors, as 
approved. 


Identification: Source earthing conductor (or neutral earthing conductor) is to be identified 
along its entire length by continuous black insulation labeled ‘neutral earthing’. 
GROUNDING CONDUCTORS 


Buried Earth Conductors: Bare annealed copper strip conductors 30 x 4 mm, or annealed 
stranded copper conductors 120 mm2 cross-section. 


Earthing Conductors: Insulated or bare copper conductor as described in 2.2 (F). 


Protective Conductors: Single core stranded annealed copper, PVC insulated cables, having 
rated insulation grade compatible with circuit protected, or to be a conductor forming part of 
a multi-core cable, color coded. 


Protective Bonding Conductors: Bare copper strip conductor, annealed stranded copper 
cable or flexible strap (flexible braid) of cross-sectional area as described in Article 
"General Requirements” hereof. 
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2.4 


2.5 


Power Systems (outdoor distribution boards) Main Earthing Bar: Consisting of hard drawn 
copper bar, 50 x 6 mm. Earth bar is to be labeled 'Main Earth Bar' and is to be drilled, for 
connection of conductors, at a spacing not less than 75 mm, and is to be supplied with 
copper alloy bolts, nuts and washers and wall mounting insulators. 


CONNECTOR PRODUCTS AND EARTHING ACCESSORIES 


Copper or copper alloy, purpose made, of approved design, compatible with points of 
connection, and of adequate cross-section and current carrying capacity. 


Bolted Connectors and Clamps: Bolted-pressure-type connectors and clamps, or 
compression type. Bolts, nuts and washers are to be high quality phosphor bronze or copper 
silicon alloys. 


Welded Connectors: Exothermic-welded type, in kit form, and selected per manufacturer's 
written instructions. 


GROUNDING ELECTRODES 


Ground Rod: 19-mm diameter high strength, low carbon steel core of high tensile strength 
(600 N/mm2), with 99.99% pure electrolytic copper molecularly bonded into steel core, 
0.25 mm minimum thickness. Driving head is to be high strength steel. Couplings are to be 
long length silicon bronze, internally threaded. Threads are to be rolled onto rod to ensure 
uniform layers of copper and strength. Earth rod is to be complete with couplings, head and 
bolted connector of sufficient size, and number of bolted clamps to connect all cables 
terminated thereto. 


1. Minimum Length of Rod: 2.4 m, extendible as necessary to obtain required earth 
resistance. 


Tape Mats (Earth Lattice): Where earth rods are not likely to be used, earth electrode is to 
consist of parallel and perpendicular copper strips, burial depth 0.6m minimum, welded 
together by exothermic welds to form a 600 x 600 x 3 mm (6x6 matrix) grid. Tape is to be 
25 x 3 mm strip conductor. 


Earth Pit: Precast, square or circular section concrete handhole (minimum 450 mm internal 
diameter), with concrete cover, and extending to about 150 mm below top of earth rod. 
Earth pit is to be provided for each earth rod where connected to an earthing conductor. 
Cover is to have inset brass plate with inscription ‘Earth Pit - Do Not Remove’. 


PART 3 - EXECUTION 


3.1 EARTHING OF OUTDOOR DISTRIBUTION BOARDS 
A. For earthing of main distribution boards, refer to item 2.2 (F). 
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3:2 


3:3 


3.4 


ROAD LIGHTING 


Earthing Cables: separate protective earthing cables for lighting column circuits are to be 
run with power circuit, terminated at LV supply position in lighting control panel and 
looped into column earthing terminals. The last column is to be bonded via an earthing bolt 
to a single 19 mm diameter copper covered steel rod, 2.4 m minimum long, driven into 
ground adjacent to column. Bonding is to be 16 mm? stranded bare copper conductor. 


Connections between rods and earthing conductors are to be made by the Cadweld process 
producing a fused joint. Bolted connections may be used for connection to removable items 
of equipment only. 


INSTALLATION 


Continuity: Ensure that complete earthing system is electrically continuous and 
mechanically secure. 


Earth Rods: While siting earth rods, ensure that resistance areas associated with individual 
rods do not overlap. Where rock is encountered, a hole of sufficient size is to be drilled 
before lowering the rod. Conductive filler such as Marconite or Bentonite or equal filler 
that will not corrode, is to be provided around the rod. 


Buried earthing conductors are to be laid at a depth not less than 0.5 m from ground surface. 


Earthing conductors are to follow shortest path between earth rods and main earthing 
terminals or bars, and are to run in PVC conduit (duct) fastened to installation structure by 
approved supports and extending 0.2 m above level, and are to be protected against 
mechanical damage and corrosion. 


Protective Conductors: Separate protective conductors, which are not part of a cable, are to 
be fixed on same support or drawn into same conduit as circuit conductors. 


Protective Bonding: Remove any non-conductive paint, enamel or similar coating at threads, 
contact points and surfaces and ensure that bonding is made by fittings designed to make 
secure bonds. 


CONNECTIONS 


Protection against Corrosion: Protect bolted connections against corrosion either by filling 
with Vaseline or coating with a special anti-corrosion compound and proper capping. 


Connections: Earth connections are to be readily accessible. If inaccessible earth 
connection is permitted, approved exothermic welding or brazing technique is to be 
employed. 


Connections: Where earth connections between dissimilar metals must be made, use 
bimetallic fittings and protect by coating with moisture resisting bituminous paint or 
compound, or by wrapping with protective tape to exclude moisture. 
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D. — Exothermic-Welded Connections: Comply with manufacturer's written instructions. Welds 
that are puffed up or that show convex surfaces indicating improper cleaning are not 
acceptable. 

E. Tighten screws and bolts for grounding and bonding connectors and terminals according to 


manufacturer's published torque-tightening values. If manufacturer's torque values are not 
indicated, use those specified in applicable Standards. 


3.5 FIELD QUALITY CONTROL 


A. Combined resistance of earth electrodes is to be measured during dry season and checked 
against specified resistance. 


B. Excessive Ground Resistance: If resistance to ground exceeds specified values, notify 
Engineer promptly and include recommendations to reduce ground resistance. 


C. Electrical continuity of all earthing and protective conductors including main and 
supplementary equipotential bonding conductors is to be checked. 


D. Earth fault loop impedance of all circuits is to be measured and checked against calculated 
impedance figures. 


E. Operation of residual current protective devices is to be checked. 


3.6 GRADING AND PLANTING 


A. Restore surface features, including vegetation, at areas disturbed by Work of this Section. 
Reestablish original grades, unless otherwise indicated. If sod has been removed, replace it 
as soon as possible after backfilling is completed. Restore areas disturbed by trenching, 
storing of dirt, cable laying, and other activities to their original condition. Include 
application of topsoil, fertilizer, lime, seed, sod, sprig, and mulch. Comply with Division 2 
Section "Landscaping." Maintain restored surfaces. Restore disturbed paving as indicated. 


END OF SECTION 260526 
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SECTION 260543 - UNDERGROUND DUCTS AND RACEWAYS FOR ELECTRICAL SYSTEMS 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 
A. General provisions of the Contract, including Conditions of Contract and Division 01 
Specification Sections, apply to this Section. 
1.2 SUMMARY 
A. This Section includes underground conduits and ducts, duct banks, pull boxes and handholes, 
manholes, and other underground utility structures. 
B. Related Sections include the following: 
1. Division 31 Section "Earthwork" for excavation, backfill, and related items for ducts, 
manholes, and handholes. 
2. Division 03 Section "Cast-in-Place Concrete" for concrete requirements. 
3: Division 07 Section "Self-Adhering Sheet Waterproofing" for waterproofing of 
manholes and handholes. 
4. Division 07 Section "APP Modified Bituminous Sheet Waterproofing" for 
waterproofing of manholes and handholes. 
5: Division 07 Section "Bituminous Dampproofing" for dampproofing of manholes and 
handholes. 
6. Division 26 Section "Basic Electrical Materials and Methods". 
Ti Division 26 Section "Grounding and Bonding" for ground rods at manholes. 
1.3 SYSTEM DESCRIPTION 
A. Underground Ducts for Electrical Feeders: UPVC encased in concrete. 
B. Underground Ducts for Telecom networks: UPVC utility duct encased in concrete. 
C: Underground Ducts for Communication Circuits: UPVC underground conduit encased in 
concrete. 
D.  Manboles: Underground, precast concrete utility structures. 
E. Manholes: Cast-in-place concrete. 
1.4 SUBMITTALS 
A. Product Data: For metal accessories for manholes and handholes, conduits and ducts, duct- 
bank materials, and miscellaneous components. 
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B. Shop Drawings: Show details and design calculations for precast manholes and handholes, 
including reinforcing steel. Include Shop Drawings prepared by registered professional 
structural engineer, as indicated by seal on Shop Drawings. 

C. Coordination Drawings: Show duct profiles and coordination with other utilities and 
underground structures. Include plans and sections drawn to scale. 

D. Field Test Reports: Indicate and interpret test results for compliance with performance 
requirements. 

E. Record (as-Built) Documents: Show dimensioned locations of underground ducts, handholes, 
and manholes. 

1.5 QUALITY ASSURANCE 

A. Comply with specified Standards. 

B. Comply with local codes as well as National Telecommunication Company LTD. (NTC) and 
Pakistan Telecommunication Corporation LTD. (PTCL) requirements. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Deliver ducts to Project site with ends capped. Store nonmetallic ducts with supports to 
prevent bending, warping, and deforming. 

B. Store precast concrete units at Project site as recommended by manufacturer to prevent 
physical damage. Arrange so identification markings are visible. 

C: Lift and support precast concrete units only at designated lifting or supporting points. 

1.7 PROJECT CONDITIONS 

A. Existing Utilities: Do not interrupt utilities serving facilities occupied by Employer or others 
unless permitted under the following conditions and then only after arranging to provide 
temporary utility services according to requirements indicated. 

1. Notify Engineer not less than 2 days in advance of proposed utility interruptions. 
2: Do not proceed with utility interruptions without Engineer’s written permission. 
1.8 COORDINATION 

A. Coordinate layout and installation of ducts, manholes, and handholes with final arrangement 
of other utilities as determined in the field. 

B. Coordinate elevations of duct and duct-bank entrances into manholes and handholes with 
final profiles of conduits as determined by coordination with other utilities and underground 
obstructions. Revise locations and elevations from those indicated as required to suit field 
conditions and to ensure duct runs drain to manholes and handholes, and as approved by 
Engineer. 
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PART 2 - PRODUCTS 


2.1 


A. 


2.2 


2.3 


UNPLASTICIZED POLY VINYL CHLORIDE (UPVC) DUCTS 


UPVC Ducts for Outdoor Power and Lighting Cable Installations: Non-sparking type, 
suitable for direct burial in ground, 6 bar (class III) as per DIN 8061/62 or approved equal 
supplied in standard 6 m lengths, with one end of each length tapered. 

1. Minimum Wall Thickness: comply with class MI. 


UPVC Ducts for Telecom Network Installations: Duct’s size and specification shall follow 
local code requirements, suitable for direct burial in ground and supplied in standard 6 m 
lengths, with one end of each length tapered. 


Duct Supports: Rigid UPVC spacers selected to provide minimum duct spacings and concrete 
cover depths indicated, while supporting ducts during concreting. 


Duct Sealing Compound: Non-hardening, safe for human skin contact, not deleterious to 
cable insulation, and workable at temperatures as low as 1 deg C. Capable of withstanding 
temperature of 149 deg C without slump and of adhering to clean surfaces of plastic ducts, 
metallic conduits, conduit coatings, concrete, masonry, lead, cable sheaths, cable jackets, 
insulation materials, and common metals. 


COVERS FOR MANHOLES AND HANDHOLES 


Frames and Covers: BS EN 124, checkered cast iron or cast steel, recessed type, and of 
suitable duty for the particular application. Machine cover-to-frame bearing surfaces 


1. Covers: Cast-in legend "ELECTRIC" or "TELECOM" or “ITS” as appropriate. 


COMPOSITE CONSTRUCTION 


Concrete: Comply with Division 03 Section "Cast-in-Place Concrete" for concrete and 
reinforcement. 


Concrete Envelope: For duct banks for power distribution systems and outdoor lighting cable 
installations crossing water, gas and sewage mains, under roadways and where required, is to 
be 21 MPa, 28-day, compressive-strength reinforced concrete using sulfate-resisting Portland 
cement. Reinforcement is to consist of 12-mm diameter longitudinal bars at approximately 
300-mm centers along bottom and sides of duct bank with 10-mm diameter U-shaped 
transversal bars at 400-mm centers. Extend concrete envelope at least 300 mm beyond each 
side of crossing, etc. 


Cable Manholes and Handholes: 21 MPa, 28-day, compressive strength reinforced concrete 
using sulfate-resisting Portland cement, with approved waterproof membrane on external 
surfaces, and with cable supports where necessary, pull-eyes, and drain pit and drainpipe as 
required. Dimensions and reinforcement are to be in accordance with approved standard 
details shown on shop and construction drawings. 
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2.4 


A. 


B. 


C. 


2.5 


A. 


B. 


C.: 


D. 


2.6 


A. 


B. 


Ẹ: 


PULL BOXES 


Cast-Metal Boxes: Cast aluminum, sized as indicated, with outside flanges and recessed, 
gasketed cover for flush mounting. Nonskid finish on cover. 


Fiberglass Boxes: Molded fiberglass, sized as indicated, with 150-mm square cable entrance 
at each side and weatherproof cover with nonskid finish. 


Cover Legend: "ELECTRIC" or “TELECOM” or “ITS” as appropriate. 


UNDERGROUND, PRECAST CONCRETE UTILITY STRUCTURES 

Precast Units: Interlocking, mating sections, complete with accessory items, hardware, and 
features as indicated. Include concrete knockout panels for conduit entrance and sleeve for 
ground rod. 

Structural Design Loading: Heavy traffic. 

Covers: Recess on cover accepts finish material in landscaped and paved areas. 

Joint Sealant: Continuous extrusion of asphaltic-butyl material with adhesion, cohesion, 
flexibility, and durability properties necessary to withstand maximum hydrostatic pressures at 
the installation location with the ground water level at grade. 

CONSTRUCTION MATERIALS 

Waterproofing: Comply with Division 07 Section "Self-Adhering Sheet Waterproofing." 


Waterproofing: Comply with Division 07 Section "APP Modified Bituminous Sheet 
Waterproofing." 


Dampproofing: Comply with Division 07 Section "Bituminous Dampproofing." 


PART 3 - EXECUTION 


3.1 EXAMINATION 
A. Examine substrates, areas, and conditions to receive ducts and utility structures for 
compliance with requirements for installation tolerances and other conditions affecting 
performance of underground ducts and utility structures. Do not proceed with installation 
until unsatisfactory conditions have been corrected. 
3:2 EARTHWORK 
A. Excavation and Backfill: Comply with Division 31 Section "Earthwork" but do not use 
heavy-duty, hydraulic-operated, compaction equipment. 
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B. 


33 


3.4 


Trenches: Width is to be as small as practicable with sides vertical. Remove mud, rock 
projections, boulders and hard spots from trench bottom and trim level. Inform the Engineer 
in advance to give him reasonable opportunity to inspect trench for each section of the work. 


Restore surface features at areas disturbed by excavation and reestablish original grades, 
unless otherwise indicated. Replace removed sod immediately after backfilling is completed. 


Restore all areas disturbed by trenching, storing of dirt, cable laying, and other work. Restore 
vegetation and include necessary topsoiling, fertilizing, liming, seeding, sodding, sprigging, 
and mulching. Perform according to Division 32 Section "Landscaping." 


Restore Disturbed Pavement. Refer to Division 01 Section "Cutting and Patching." 


DIRECTLY BURIED UPVC CABLE DUCTS 


Lay and join ducts to required line and level on sand bed, cover with sand and backfill trench 
to ground level with excavated soil, free from stones and other debris, well compacted in 
layers not exceeding 300 mm thick. 


Lay approved concrete tiles to fully cover cable duct, extending minimum 50 mm beyond 
sides of duct and placed 300 mm below ground level. 


Provide warning tape or galvanized steel mesh along duct runs at a depth 200 mm below 
ground level. 


UNDERGROUND CABLE DUCT ASSEMBLIES 
Install duct as indicated, according to manufacturer's written instructions. 


Form duct assembly to required line and level, using duct supports spaced to prevent sagging 
of ducts and breaking of couplings and watertight seals, and secured with cords (not tie wires) 
where necessary. 


Slope: Pitch ducts a minimum of 1:300 (preferably 1% slope) to drain toward manholes and 
handholes and away from buildings and equipment. Slope ducts from a high point in runs 
between 2 manholes to drain in both directions. 


Join ducts using waterproof cement, to manufacturer's recommendations, to give waterproof 
and sand-proof joint with at least 80 mm overlap. 


Provide 3 mm galvanized steel wire inside empty ducts, for future pulling of cables, 
extending 1 m beyond duct banks at both ends and securely fixed to wooden bungs sealing 
the duct. 


Concrete-Encased Ducts: Support on plastic separators coordinated with duct size and 
required duct spacing, and install according to the following: 


1. Separator Installation: Space separators close enough to prevent sagging and 
deforming of ducts, and secure separators to the earth and to ducts to prevent floating 
during concreting. Do not use tie wires or reinforcing steel that may form conductive 
or magnetic loops around ducts or duct groups. 

2. Concreting: Spade concrete carefully during pours to prevent voids under and between 
conduits and at exterior surface of envelope. Do not use power-driven agitating 
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3.5 


3.6 


3.7 


equipment unless specifically designed for duct-bank application. Pour each run of 
envelope between manholes or other terminations in one continuous operation. When 
more than 1 pour is necessary, terminate each pour in a vertical plane and install 19- 
mm reinforcing rod dowels extending 450 mm into the concrete on both sides of joint 
near the corners of the envelope. 


3. Reinforcement: Reinforce duct banks where they cross disturbed-earth and where 
indicated. 
4. Forms: Use the walls of the trench to form the side walls of the duct bank where the 


soil is self-supporting and concrete envelope can be poured without soil inclusions; 
otherwise, use forms. 


5: Minimum Clearances between Ducts: 75 mm between ducts and exterior envelope 
wall, 50 mm between ducts for like services, and 100 mm between power and signal 
ducts. 


Sealing: Provide temporary closure at terminations of ducts that have cables pulled. Seal 
spare ducts at terminations. Use sealing compound and plugs. 


ENDS OF DUCTS 


Ducts ending in cable manholes or handholes are to be neatly cut and reamed and set behind 
chamfered precast concrete duct end blocks or terminated with appropriate bell-mouth 
bushing set in concrete wall. Ducts not ending in cable manholes or handholes are to be 
properly capped. 


Sealing Ends Of Ducts: Completely seal conduits and ducts, active or spare, at entry into 
buildings or manholes, with approved plastic moulds or wooden bungs to prevent entry of 
rodents, gas and vapor. 


SLEEVES OR DUCTS IN EQUIPMENT FOUNDATIONS 


Provide sleeves or ducts in equipment foundations in accordance with approved shop and 
construction drawings or as instructed by the Engineer. Obtain approval of sleeve or duct 
installation prior to pouring concrete. 


UNDERGROUND UTILITY STRUCTURE INSTALLATION 
Drainage: Install drains in bottom of units. 


Waterproofing: Apply waterproofing to exterior surfaces of units after concrete has cured at 
least 3 days. Apply according to Division 07 Section ["Self-Adhering Sheet Waterproofing." ] 
["APP Modified Bituminous Sheet Waterproofing."] After ducts have been connected and 
grouted, and before backfilling, waterproof joints and connections and touch up abrasions and 
scars. Waterproof exterior of manhole and handhole chimneys after brick mortar has cured at 
least 3 days. 


Dampproofing: Apply dampproofing to exterior surfaces of units after concrete has cured at 
least 3 days. Apply according to Division 07 Section "Bituminous Dampproofing." After 
ducts have been connected and grouted, and before backfilling, dampproof joints and 
connections and touch up abrasions and scars. Dampproof exterior of manhole and handhole 
chimneys after brick mortar has cured at least 3 days. 
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D. 


3.8 


3.9 


Cast-in-Place, Underground Structure Installation: Comply with applicable requirements of 
Division 03 Section "Cast-in-Place Concrete." 


1. Finish interior surfaces with a smooth troweled finish. 


Precast Concrete, Underground Structure Installation: Install as indicated, according to 
manufacturer's written instructions. 


1. Install units level and plumb and with orientation and depth coordinated with 
connecting ducts to minimize bends and deflections required for proper entrances. 

2. Support units on a level bed of crushed stone or gravel, graded from the 25-mm sieve 
to the 4.75-mm sieve and compacted to the same density as adjacent undisturbed earth. 


FIELD QUALITY CONTROL 


Inspection of Duct Systems: Inspect directly buried ducts and underground duct assemblies 
in the presence of the Engineer, before backfilling or concreting. Steel mandrel or other 
approved device, diameter equal to 90% of inside diameter of duct and 500 mm long, is to be 
pulled through entire run of duct and is to pass through without getting stuck. Ducts, which 
do not allow mandrel to be pulled through, are to be repaired or replaced to the satisfaction of 
the Engineer. 


Testing: Demonstrate capability and compliance with requirements on completion of 
installation of underground ducts and utility structures. 


Correct installations where possible and retest to demonstrate compliance. Remove and 
replace defective products and retest. 


CLEANING 

Clean ducts with stiff bristle brush pulled through each duct prior to pulling in cables. Pull 
brush through full length of ducts. Use round-bristle brush with a diameter 12 mm larger than 
the ID of duct. 


Clean internal surfaces of manholes, including sump. Remove foreign material. 


END OF SECTION 260543 
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SECTION 262416 - PANELBOARDS 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 

A. General provisions of the Contract, including Conditions of Contract and Division 01 

Specification Sections, apply to this Section. 
1.2 SUMMARY 

A.  Panelboards for distribution and sub distribution of electric power and for protection of 
circuits, including fixing and supporting materials and materials for termination of feeders, 
sub-circuits and branch circuits for the following types: 

1. Outdoor Distribution Boards or Feeder pillars for power distribution and external 
lighting. 

B. Related Sections include the following: 

1. Division 26 Section "Basic Electrical Materials and Methods". 
1.3 DEFINITIONS 

A. MCB: Miniature circuit breaker. 

B. MCCB: Molded case circuit breaker. 

C. ODB: Outdoor distribution boards, for secondary lighting and power distribution with either 
miniature circuit breaker (MCB) or molded case circuit breaker (MCCB) protection on sub- 
feeder or branch circuits. 

D. RMS: Root mean square. 

1.4 SUBMITTALS 
A. Equipment Data: Submit data for approval including, but not limited to, the following: 
1. Manufacturers’ catalogues indicating specific equipment selected. 
Types of panelboards and circuit breaker characteristics including duties and deration 
at specified ambient conditions and corresponding temperatures within the 
enclosures, MCB shall not be derated if the space where the panels are installed is air- 
conditioned. 
3. Dimensions of panels and specific contents of each panelboard. 
4. Integrated equipment tabulations for coordinated short- circuit series combinations of 
circuit breakers. 
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B. Tests and Certificates: Submit complete certified manufacturer's type test and routine test 
records in accordance with the Standards. 


C. Point-wise compliance statement to the specifications, duly signed by the manufacturer / 
manufacturer’s authorized representative and the contractor. 


D. Shop and Construction Drawings: Submit drawings for approval including, but not limited 
to, the following: 


1. Exact composition of each panelboard, indicating busbar rating, frame and trip ratings 
of circuit breakers. 
2. Typical installation details of panelboards, indicating main feeder and branch circuit 


conduit connections, terminal provisions, tags, labels, mounting methods and 
materials used. 


E. Coordination Study: Submit coordination study along with setting of protective devices for 
overload, short-circuit and earth-fault currents as coordinated with upstream and 
downstream systems based on specific coordination curves of protective devices used and 
specific calculated prospective short-circuit currents at various points. 


F. Field Test Reports: Submit written test reports and include the following: 
1. Test procedures used. 
Test results that comply with requirements. 
3. Results of failed tests and corrective action taken to achieve test results that comply 


with requirements. 


G. Maintenance Data: For panelboards and components to include in maintenance manuals 
specified in Division 01 and to the satisfaction of the Employer’s requirements. In addition 
to requirements specified in Division 01 include the following: 


1. Manufacturer's written instructions for testing and adjusting over-current protective 
devices. 
2. Time-current curves, including selectable ranges for each type of over-current 


protective device. 


1.5 QUALITY ASSURANCE 
A. Comply with 


1. TEC 61439-1 & IEC61439-2 "Low Voltage Switchgear and Control Gear 
Assemblies”. 

2. IEC 61439-3 "Low Voltage Switchgear and Control Gear Assemblies - Distribution 
boards intended to be operated by ordinary persons (DBO)". 

3. IEC 60947-1 "Low Voltage switchgear and control Gear- General Rules". 

4. IEC 60947-2 "Low Voltage switchgear and control gear - circuit breakers". 

5 IEC 60947-3 "Low Voltage switchgear and control gear - Switches, disconnectors, 
switch-disconnectors and fuse-combination units circuit breakers". 

6. IEC 60898-1 "Miniature circuit breakers". 

7. Other components where not specified shall comply with the relevant IEC standards. 
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1.6 


A. 


1.7 


A. 


1.8 


A. 


WARRANTY 


Manufacturer’s Warranty: Submit a written warranty signed by the manufacturer agreeing to 
repair, restore or replace any defective equipment specified in this section during the 
specified warranty period 


1. Warranty Period: 1 year from date of Substantial Completion. 


COORDINATION 


Coordinate layout and installation of panelboards and components with other construction 
that penetrates walls or is supported by them, including electrical and other types of 
equipment, raceways, piping, and encumbrances to workspace clearance requirements. 


FACTORY ACCEPTANCE TEST 


Factory acceptance tests of equipment under this Contract are subject to be witnessed by the 
Engineer for locally assembled equipment. Witness test shall include complete routine and 
function testing on all units to be witnessed. Test procedure and program shall be submitted 
for approval prior to test conduction. Allow for test expenses including business class 
transportation and hotel accommodation as necessary for two persons from the Engineer’s/ 
Employer’s side. 


PART 2 - PRODUCTS 


2.1 


A. 


B. 


2.2 


A. 


B. 


C. 


MANUFACTURERS 


Approved Manufacturers: Subject to compliance with requirements, provide products by 
one of the following or approved equal: 


Cutler-Hammer/Eaton Corp. 
General Electric Co 

Schneider Electric 

Siemens - ITE 

Schneider Electric / Square D Co. 
ABB 


Qc AQ a = 


Locally assembled products by one of the above approved manufacturers are acceptable 
subject to compliance with design requirements and adequacy of reference list and quality 
control of the local factory. 

GENERAL REQUIREMENTS 

Rated insulation voltage shall be in accordance with the respective standards. 

Panelboards shall be totally enclosed, dead front type, protection code IP 31 for indoor 
installations, IP54 for installations in wet areas and for outdoor installations, in accordance 


with IEC 60529, and shall be factory designed and assembled. 


Earthing bar shall be half size the phase busbars. 
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2.3 


Neutral bar shall be sized as the phase bus bars. 
Protection shall be fully rated throughout the systems. 
Circuit breakers shall be non-fused type. 


Circuit Breaker Arrangement: Panelboards shall have one main incoming circuit breaker 
and the required number of branch circuit breakers, arranged as shown on the schedules, 
including spare circuit breakers and spaces for future expansion. Three-phase panelboards 
shall be designed for sequence phase connection of branch circuit devices. 


PANELBOARD ENCLOSURES 


Type: General purpose type, suitable for relevant ambient conditions, comprising box, trim, 
or trim and door to approved manufacturer's standards and sizes. 


Construction: Box, trim and doors where required, shall be Electro-galvanized sheet steel of 
gauges not less than specified and in accordance with the standards. Welded joints shall be 
galvanized after manufacture. Gutter spaces shall conform to the standards, adequate for the 
utilized cables/wires subject to the Engineers’ approval and in no case less than 100 mm on 
all sides. Enclosure shall have pre-designed angles or threaded end studs to support and 
adjust mounting of interior panelboard assembly. 


Trims shall cover and overlap front shield, covering all terminals and bus compartments, to 
form a dead front panel. Trims shall be fixed to cabinet/box by quarter-turn clamps 
engaging flange of box (use of screws engaging holes in flange of box is not acceptable). 
Screws where used shall be oval-head, countersunk and flush. Trims for flush mounted 
panelboards shall overlap box and front shields by at least 20 mm. Trims for surface 
mounted panelboards shall be exactly sized to form flush fit to box. 


Doors shall have concealed hinges integral with trim, and flush combination cylinder lock 
and catch. Doors over 1000 mm high shall have vault-type handle and multiple point latch 
mechanism. Locks shall be keyed alike. 


Finish: Inner and outer surfaces of cabinet/boxes, trims, doors etc. Shall be cleaned, 
phosphatized, chrome passivated and treated with final thermosetting epoxy powder 
modified by polyester resins providing high resistance to mechanical injury, heat, acid and 
alkali solvents, grease, aging and corrosion and of standard gray color to the approval of 
Engineer. 


Directories under glassine, or an approved alternative durable arrangement, shall be 
provided on inside face of doors, or in metal label holders when trim without doors are 
specified. Directories shall be typed to identify panelboards and clearly indicate circuit 
number and description of load. 


Outdoor enclosures shall be heavy duty sheet steel cabinets, suitable for mechanical impact 
resistance of IK10 to IEC 62262, fully weatherproofed (IP 54), without knockouts, but with 
removable sealed/gasketed bottom gland plates and gasketed doors. 


Where single core cables are used, top / bottom cable entry plates shall be made of bakelite 
or Aluminum with adequate thickness and rigidity to support cables. 
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2.4 


2.5 


BUSBARS 


Type: One piece, 98% pure electrolytic copper, tin-plated, based on total maximum 
operating temperature of 90 deg C at any point of the bus, at full continuous rating. Bolted 
or clamped contact surfaces shall be properly tin or silver plated as necessary, and shall have 
maximum current density not exceeding requirements of the approved standards. 
Aluminum shall not be used for busbars or panelboard parts. 


Design: Busbars shall be rigidly designed so that branch circuit devices can be removed 
without disturbing adjacent units or changed without additional machining, drilling or 
tapping. Busing shall be full size without reduction. Busing and blank plates shall allow 
installation of future circuit devices. 


Main horizontal busbars and vertical distribution busbars shall be insulated unless bare 
busbars are recommended by the manufacturer and used in the type test. 


Rating: Busbar rating shall be at least equal to main-circuit breaker frame size. Where no 
main circuit breaker is required, busbars shall have main lugs or disconnect switch, with 
nominal rating equal to 1.25 times the up stream circuit breaker trip rating. 


Short-circuit Duty: Busbars shall carry at least 125% of the maximum short-circuit level at 
point of application for one second, without showing any signs of degradation. 


Terminals and connections shall be anti-turn, solder-less screw-pressure type. Screws and 
bolts used for making copper/copper connections shall be hard copper alloy with lock 
washers (riveted bus connections are not acceptable). 


Neutral bar shall be solid and fully insulated from cabinet or box. One solder-less box type 
set-screw connector shall be provided for neutral wire of each branch circuit and one bolted 
clamp-type connector or anti-turn lug with set-screw for main incoming neutral wire. 
Neutral shall be fully sized and rated as for phase busbars. 


Earthing bar shall be copper, brazed to panelboard cabinet, with bolted pressure connector 
for main conductor and one set-screw-type tunnel terminal for each outgoing conductor, to 
provide secure and reliable contact with all metal parts and enclosure. 


MOLDED CASE CIRCUIT BREAKERS (MCCBs) 


Type: Tested to approved standards, , totally enclosed, molded case, constructed from high 
quality, high temperature resistant, tropicalized, molded insulating materials, for normal 
operation at maximum temperature within enclosures at point of application, and provided 
with front operated single toggle type handle mechanism for manual operation of main 
contacts in addition to automatic operation under over-current conditions. Multi-pole 
breakers shall have common integral trip bar for simultaneous operation of all poles. 
Ampere rating shall be clearly visible. All terminals shall be box lug or clamp type with set 
screws, suitable for copper or aluminum conductors. 


MCCEBs shall be 160 A minimum frame size 


Circuit Breaker Trip Units: Unless otherwise specified, moulded case circuit breakers of 
outdoor distribution boards (ODBs) shall be thermal magnetic type. 
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D. Thermal magnetic circuit breaker trip units: shall have bi-metallic inverse time delay over- 
current element for small overloads and instantaneous magnetic over-current trip element 
for operation under short-circuit conditions on each pole. Circuit breakers rated 150/160 A 
shall have adjustable instantaneous trips. 


E. Deration: Thermal and Electronic over-current trips shall be ambient temperature derated at 
specified ambient conditions and corresponding temperature within the enclosures. 


F. Switching Mechanism: Quick-make, quick-break type, with positive trip-free operation so 
that contacts cannot be held closed against excess currents under manual or automatic 
operation. Contacts shall be non-welding silver alloy with approved arc-quenching devices 
of metallic grid construction. 


G. Trip current rating (amps) indicates nominal maximum rating at which overload element is 
set to operate. 


H. —MCCBs for ODBs: Comply with IEC 60947-2 test sequences I, II, utilization category A, 
and shall have rated ultimate short circuit breaking capacities (sequence II) to meet the 
electrical requirements at the panelboard location, with preferred ratings in accordance with 
following tables. 


I. Frame size is defined as maximum continuous current rating of circuit breaker which 
corresponds with its maximum trip range listed below and which shall be related to 
minimum acceptable short-circuit interrupting ratings, based on fully rated interrupting 
duties: normal duty (N), high break (H), or current limiting (L), as specified. 


J. Frame sizes are generally to be selected with minimum interrupting capacities at specified 
voltages and rated frequency, in accordance with the following table: 


Thermal-magnetic 


15-100 or 160 (1,2p) 18 - - 220/240 
15-100 or 160 (2,3,4p) 18 - - 380/415 
15-160 (2,3,4p) 35 60 100 380/415 
Electronic 

100-250 (2,3,4p) 35 60 150 380/415 
160-400 (3,4p) 35 60 150 380/415 
250-630 (3,4p) 40 60 150 380/415 
320-800 (3,4p) 50 60 150 380/415 
500-1250 (3,4p) 50 70 150 380/415 


K. Tripped Position: When tripped automatically by over-current condition, operating 
mechanism of circuit breaker shall assume an intermediate position clearly indicated by the 
handle between on and off positions. 


L. Interchangeable Trips: Thermal-magnetic trip circuit breakers of 150/160 A frame size shall 
have interchangeable trip units. 


M. Sealing: Circuit breakers with non-interchangeable trip units shall be sealed. Circuit 
breakers with interchangeable trip units shall have trip unit covers sealed to prevent 
tampering. 
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2.6 


2.7 


Accessories: Circuit breakers shall be designed to accommodate standard attachments 
including shunt-trip, under-voltage release, combined auxiliary and alarm switches, and 
open / close electrical motor operator to any circuit breaker of rating (frame size) 100 A and 
over. Padlocking devices shall be provided. 


MINIATURE CIRCUIT BREAKERS (MCBs) 
Type: Thermal magnetic non-adjustable type, tested in accordance with IEC 60947-2. 
Minimum short-circuit breaking capacities to IEC 60947-2shall be as follows: 


1. 6- 125A MCB: 
[20 or 25 kA 220/240 — 380/415 V A.C] 


Construction: MCBs shall be tropicalized for operation at ambient temperatures up to 70 
degree C within panelboard enclosure and humidity up to 95%, and shall be constructed 
from high quality, high temperature, molded insulating materials. Guaranteed duties and 
characteristics shall be submitted for temperatures at and above 40 deg C. 


MCBs and combination devices shall be modular, of unified profile and suitable for 
mounting either to a standard din rail, or a plug-in system. 


Operation: Under overload conditions, thermal tripping shall provide close protection of 
insulated conductors. Under short-circuit conditions, magnetic trip shall operate at 5 - 10 
times normal rated current (Curve C). Magnetic operation shall be in the current limiting 
region and opening time shall not exceed 5 milliseconds. 


Ratings: Preferred rated currents shall be 6, 10, 15, 20, 25, 30, 40, 50, 60, 80, 100 and 125 
A, calibrated at 40deg.c, available as 1, 2, 3 and 4-pole circuit breakers. De-rating above 40 
deg C shall not exceed 1% per deg C and loading shall not exceed 70% of circuit breaker 
rating. 


OUTDOOR DISTRIBUTION BOARDS OR FEEDER PILLARS FOR POWER 
DISTRIBUTION AND EXTERNAL LIGHTING 


Low voltage feeder pillars shall comply with IEC 61439-1 and IEC 61439-5. 


Type: Rated insulation voltage rating 690V as a minimum. 3-phase and neutral (TPN), with 
bolted 1, or 3-pole MCBs on outgoings and 3-pole MCCB on main incoming. 


Construction: the feeder pillar shall be totally enclosed, dead front type, fully self-contained, 
dust-proof, weather proof and suitable for mounting outdoors exposed to dust, rain and 
sunlight with IP54 degree of protection to IEC 60529. 


Cabinets: Reinforced free standing structure with high mechanical impact resistance IK10 
to IEC 62262, manufactured from 2 mm nominal thickness galvanized sheet steel, 
electrostatically powder coated and corrosion resistant internally and externally. Feeder 
pillars shall be provided with bolted reinforcement corner construction and shall be of the 
dwarf type with a bolting down root for mounting on a pre-formed concrete base suitable for 
all incoming and outgoing cables from below ground level directly buried or in a duct 
system. Feeder pillars shall have suitable extension cable box for cable entry from below. 
Cabinets shall have two hinged lockable opening doors to provide full front access to the 
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cabinet and shall be sized according to the equipment being installed. The roof of the 
cabinet shall be slanted and shall have water drip edges. 


E. Lighting Contactors: 2 or 3-pole, Electro-magnetic type, class AC 5a for discharge lamps or 
AC 5b for tungsten halogen lamps to IEC 60947-4, and rated not less than the frame size of 
the upstream protective device. Contacts shall be double break, silver cadmium plated, 
having self-cleaning wiping action. Control shall be provided by phase-neutral (maximum 
230 V) split-coil, for on/off activation by local direct-wired, on/off push buttons. Contactor 
shall be mechanically latched. Control circuit shall be fused. Auxiliaries shall include local 
pilot light, parallel remote indicating circuit, 2 N.O. and 2 N.C. auxiliary contacts. 


F. Internal Cabling: PVC/PVC single core 600/1000 volt grade with copper conductors and 
rated as required taking into account manufacturers recommended temperature and 
bunching derating factors. All internal wiring shall be suitably laced or clipped. 


G. Control: LV panel circuits serving the street and outdoor lighting shall be supplied through 
triple pole contactors which shall be photo-electric, timer controlled. The contactors shall be 
operated through either timer or photoelectric cell. An over-ride facility shall be provided 
for maintenance. 


H. The photo-electric relays shall be solid state, with single-pole, double-throw dry contacts 
rated to operate connected relay or contactor coils or microprocessor input, with light level 
monitoring ranging from 0 to 37000 lux, with an adjustment for turn-on/turn-off levels and 
with time delay to prevent false operation. Relays shall have weathertight housing, resistant 
to high temperatures and equipped with sun-glare shield and ice preventer. Relays shall be 
adjusted to switch on lights when the daylight illumination reduces to 70 lux, unless 
otherwise required by the Engineer. 


I. Timers shall be solid-state programmable units with alphanumeric display and have the 
following features: 


1. Astronomic dial. 
2: Two contacts, rated 30-A unless otherwise indicated. 
3. Two pilot-duty contacts, rated 2-A unless otherwise indicated. 
J. Feeder pillars shall have a 50 mm x 6 mm full length high conductivity copper main earth 


bar for grounding purposes complete with test. 


K. A distribution diagram shall be permanently fixed to the inside of the door showing all 
circuit connections, MCCB/MCB ratings, cable sizes and references, etc. 


L. Feeder pillars shall be vandal proof and secured against unauthorized access by means of 
wedge locks protected by brass plugs and operated by a special key as approved by the 
Engineer or as required by the local authority. 


M. Feeder pillars’ final finish and final color shall be approved by the Engineer. 


N. Feeder pillars used for external lighting or combined external lighting and power 
distribution shall have single or multi split bus arrangement with uncontrolled bus section to 
provide necessary power supply through single pole MCBs for internal lighting, socket 
outlets and lighting control system. 
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O. 


Feeder pillars used for external lighting shall be provided with LED lamp for integrated 
internal inspection lighting with wire guard and adequate cord length and two weather proof 
socket outlets. 


PART 3 - EXECUTION 


3.1 INSTALLATION 
A. Fixing Generally: 
1. Align, level and securely fasten panelboards to structure. 
Fix surface mounted outdoor panelboards at least 25mm from wall ensuring 
supporting members do not prevent flow of air. 
3. Do not use connecting conduits to support panelboards. 
4. Close unused openings in panelboard cabinets. 

B. Wiring Inside Panelboards: Neatly arranged, accessible and strapped to prevent tension on 
circuit breaker terminals. Tap-off connections shall be split and bolted type, fully insulated. 

C. Trim: Fix plumb and square prior to painting. Fix trim for flush mounted cabinets flush with 
wall surface finish. 

D. Mounting Heights: Top of trim 1880 mm above finished floor, unless otherwise indicated. 

E. Mounting: Plumb and rigid without distortion of box. Mount recessed panelboards with 
fronts uniformly flush with wall finish. 

F. Protection: Treat concealed surfaces of recessed cabinets with heavy field application of 
waterproof compound prior to installation. 

G. Install filler plates in unused spaces. 

3.2 IDENTIFICATION 

A. Identify field-installed conductors, interconnecting wiring, and components; provide 
warning signs as specified in Division 26 Section "Basic Electrical Materials and Methods". 

B. Panelboard Nameplates: Label each panelboard with engraved metal or laminated-plastic 
nameplate mounted with corrosion-resistant screws. 

3.3 CONNECTIONS 

A. Install equipment-grounding connections for panelboards with ground continuity to main 
electrical ground bus. 

B. Tighten electrical connectors and terminals, including screws and bolts, according to 
manufacturer’s published torque-tightening values and / or recommendations. If 
manufacturer’s torque values are not indicated, use those specified in applicable Standards. 
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3.4 


3.5 


3.6 


3.7 


FIELD QUALITY CONTROL 


Generally: Carry out all tests, required by the governing codes and by the Engineer, on 
panelboards after installation, to verify compliance with the specifications and standards. 
Inspect conditions within panelboards and verify insulation conditions by use of a megger. 


Circuit Breakers: Tests shall include operation of every circuit breaker manually. Check 
automatic operation of selected circuit breakers, as required by Engineer, by applying 
necessary short-circuit, overload and earth leakage current for tripping circuit breaker as 
applicable and compare with manufacturer's data/characteristic curves. Measure and report 
ambient temperature inside enclosure. 


Insulation Check Tests: Carry out insulation tests on all busbars, between phases and 
between phases and earth/cabinet, and between neutral and earth. Record all readings, using 
500 V megger for equipment on 240 V systems, and 1000 V megger for equipment on 
systems up to 600 V, for 1-minute, with circuit breakers in open position. 


Routine tests on site shall be carried out, in accordance with the Standards, on all 
panelboards assembled from standardized components of the manufacturer outside the 


works of the manufacturer. 


Prepare for acceptance tests as follows: 


1. Test insulation resistance for each panelboard bus, component, connecting supply, 
feeder, and control circuit. 
2. Test continuity of each circuit. 


Testing: After installing panelboards and after electrical circuitry has been energized, 
demonstrate product capability and compliance with requirements. 
ADJUSTING 


Set field-adjustable switches and circuit breaker trip ranges. 


CLEANING 


On completion of installation, inspect interior and exterior of panelboards. Remove paint 
splatters and other spots. Vacuum dirt and debris; do not use compressed air to assist in 
cleaning. Repair exposed surfaces to match original finish. 


DEMONSTRATION 


Train Employer's maintenance personnel to adjust, operate, and maintain the system 
installation. Refer to DivisionO1 Section "[Demonstration and Training] [Closeout 
Procedures]." 


END OF SECTION 262416 
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SECTION 265600 - EXTERIOR LIGHTING 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. General provisions of the Contract, including Conditions of Contract and Division 1 
Specification Sections, apply to this Section. 


1.2 SUMMARY 


A. This Section includes exterior lighting units with luminaires, lamps, ballasts, poles/support 
structures, and accessories and related power distribution and control, protective earthing 
and related builder's work including column foundations, cable pits, cable trenches and 
ductwork. 


B. Related Sections include the following: 


1. Division 26 Section "Basic Electrical Materials and Methods". 


1.3 DEFINITIONS 


A. Lighting Unit: A luminaire or an assembly of luminaires complete with a common support, 
including pole, post, or other structure, and mounting and support accessories. 


B. Luminaire (Light Fixture): A complete lighting device consisting of lamp(s) and ballast(s), 
when applicable, together with parts designed to distribute light, to position and protect 
lamps, and to connect lamps to power supply. 


1.4 SUBMITTALS 


A. Equipment Data: For each type of lighting unit indicated submit complete data for approval 
including, but not limited to, the following: 


1. Detailed literature, in English, for each type of luminaire or fixture, lamp and control 
gear including manufacturer's name, catalogue number, rating, material specification, 
overall dimensions, operating characteristics and principles, and any modification to a 
standard product if applicable 

2 Detailed specification and drawings for each column type including shape, 
base/mounting flanges, bolts, nuts etc, cross-sections, design criteria and calculations, 
brackets, finishes, provisions for cabling, cut-out or circuit-breaker etc. 


3. Photometric data for lighting calculations including polar curves, coefficients of 
utilization, efficiency and depreciation factors. 

4. Materials and dimensions of luminaires and poles. 

5. Certified results of laboratory tests for fixtures and lamps for electrical ratings and 
photometric data. 

6. Certified results of laboratory tests for fixtures and lamps for photometric 
performance. 
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Ti High-intensity-discharge luminaire ballasts. 

8. For LED fixtures / Systems: photometric test reports from accredited third party 
laboratories to verify the fixture / system photometric and electrical characteristics as 
well as the temperature of LEDs inside; the testing shall conform to LM-79-08 and 
LM-82-12 as well as ISTMT to UL1958 or similar and approved international 
equivalent standards. Report shall include laboratory name, report number, date, 
luminaire catalogue number, luminaire, light source specifications, photos for tested 


sample ......etc. 
9. For LED chips: submit manufacturer test reports for lifetime of LEDs, LM-80-08 and 
TM-21-11. 
B. Shop and Construction Drawings: Submit drawings for approval including, but not limited 


to, the following: 


1. Layout of equipment in exact positions with mounting and construction details, 
concrete foundation dimensions and reinforcement, routing and sections of duct- 
banks and trenches, backfill and packing material, earthing rods etc. 


2. Cabling and wiring diagrams, single line drawings, loads, phase distribution, 
protection and control, earthing and the like. 
3: Calculations of illumination and glare levels, based on CIE methods. 
Ç: Samples: submit fully equipped sample of luminaire or other materials or components if 


required by Engineer. 


D. Product Certificate letter: Submit a letter showing the country of origin, project details 
(Project name, client name, consultant name and contractor ...etc.) and the supplied 
quantities to the engineer for review. The engineer has the full right to check the validity of 
this letter with the original manufacturer. 


E. Test certificates: submit test certificates demonstrating LED fixture compliance with the 
following standards as minimum: 


LED Fixture Electrical and photometric characteristics to IES LM-79-08 

LED Fixture lifetime to IES LM-80-08, IES TM-21-11 and ISTMT to UL1958. 
Sand and dust proof to IEC 60068-2-68. 

IP and IK to IEC 60598 and IEC 62262 respectively. 

Applicable tests to IEC 60598. 

Photo-biological safety risk group Exempted or Risk group 1 to IEC 62471. 


DY Pe 02 


F: Compatibility confirmation signed by the Lamp and ballast / driver suppliers, clearly 
assuring the compatibility between the ballast / driver and lamp. 


G. Field Test Reports: Indicate and interpret test results for compliance with performance 
requirements. 
H. Maintenance Data: For lighting units to include in maintenance manuals specified in 
Division 1. 
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1.5 QUALITY ASSURANCE 


A. Standards: Luminaires generally are to comply with IEC 60598 and the applicable CISPR 
recommendations. Manufacturer is to verify compliance with these standards and the 
applicable local regulations and design standards, as per the following: 


1. Fixtures: 


a. IEC 60598 “Luminaires”. 

b. IES LM-79-08 “Approved Method: Electrical and Photometric Measurements 
of Solid-State Lighting Products”. 

c. IES LM-80-08 “Approved Method: Measuring Lumen Maintenance of LED 
Light Sources”. 

A IES TM-21-11 “Projecting Long Term Maintenance of LED Light Sources”. 

e. EN 55015 “Limits and Methods of Measurement of Radio Disturbance 
Characteristics of Electrical Lighting and Similar Equipment”. 

f. IEC 62471 “Photobiological Safety of Lamps and Lamp Systems”. 
Color binning of LEDs to be 6-step max on Mac-Adam ellipse. 


J Drivers: 


a. IEC 61347-1 “Lamp Controlgear - Part 1: General and Safety Requirements”. 

b. IEC 61347-2-13 “Lamp Controlgear - Part 2-13: Particular Requirements for 
D.C. or A.C. Supplied Electronic Controlgear for LED Modules”. 

c. IEC 62384 “DC or AC Supplied Electronic Control Gear for LED Modules - 
Performance Requirements”. 

d. IEC 61000-3-2 “Electromagnetic Compatibility (EMC) - Part 3-2: Limits - 
Limits for Harmonic Current Emissions (Equipment Input Current < 16 A per 
Phase)”. 

e. EN 55015 “Limits and Methods of Measurement of Radio Disturbance 
Characteristics of Electrical Lighting and Similar Equipment” 


B. IEC 61547 “Equipment for General Lighting Purposes - EMC Immunity Requirements”. 


C. Guaranteed rated life (L80B50) shall not be less than 50,000, as per IES LM-80-08, 
Approved Method: Measuring Lumen Maintenance of LED Light Sources and IES TM-21- 
11, Projecting Long Term Maintenance of LED Light Sources, in conjunction with the 
results of the ISTMT in-situ temperature measurement test report. 


D. Luminaires guaranteed lifetime shall cover all fixtures components including lamp, fixture 
and drivers. 


E. All luminaires and lighting fixtures shall be provided with a permanent label within the 
luminaire clearly identifying, the name of the manufacturer, the model name and model 
number, the country of origin, the IP rating of the fixture the type, rating and number of 
lamps to be used and the year of manufacture. 


F. Ambient Conditions: Unless otherwise specified, equipment is to be designed and derated 
for continuous and trouble-free service at 50 deg. C ambient temperature and 100% relative 
humidity, with temperature reaching 70 deg. C in direct sunlight and with high content of 
ultra-violet rays. Equipment is to withstand full load operation whilst exposed to sun. 
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1.6 DELIVERY, STORAGE, AND HANDLING OF POLES 


A. Store poles on decay-resistant treated skids at least 300 mm above grade and vegetation. 
Support poles to prevent distortion and arrange to provide free air circulation. 


B. Retain factory-applied pole wrappings on poles until just before pole installation. Handle 
poles with web fabric straps. 
1.7 WARRANTY 
A. Provide complete system warranty in which Manufacturer, Installer, and Contractor are 


jointly and severally liable and agree to repair or replace all defective components of the 
warranted item. Warranty shall include both, materials and workmanship, warranty shall 


include: 

1. Defective materials and installation. 

2. Failure to comply with requirements stated in technical specifications. 

3. Structural failures including, but not limited to, excessive deflection. 

4. Faulty operation of movable parts such as hardware. 

S: Deterioration of metals, metal finishes, and other materials beyond normal 


weathering and use. 

Delamination of exterior or interior facing materials. 

Making good and installation and finishing all items that are disturbed and that may 
be required due to repair or replacement of defective items. Coordinate with 
Employer, manufacturer, and installer of adjacent disturbed items to ensure that their 
warranty is not cancelled due to the repair work. 


NO 


B. Warranty Period Except for LED Fixtures: 2 years from the date of the substantial 
completion of the project. 


1.8 Warranty Period for LED Fixtures: 5 years from the date of the substantial completion of 
the project 


1.9 EXTRA MATERIALS 


A. Spare Parts: Provide items necessary for maintenance, and up to 5% (or nearest whole unit) 
of installed quantities of each type of lamp, control gear, fuses, luminaire covers, special 
bolts or nuts, lamp-holders and the like which are subject to burning, breakage or failure. 


B. Furnish extra materials described below that match product installed and that are packaged 
with protective covering for storage and identified with labels describing contents. 


1. Replaceable Lamps other than LEDs: 10% of each type and rating installed. Furnish 
at least one of each type. 

2. Replaceable LED Lamps: 3% of each type and rating installed. Furnish at least one 
of each type. 

3. Fully Equipped Lighting Fixtures with irreplaceable lamps: 1% of each type and 
rating installed. Furnish at least one of each type. 


4. Ballasts and Control Gear: 1% of each type and rating installed. Furnish at least one 
of each type. 
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PART 2 - PRODUCTS 


2.1 


2.2 


A. 


MANUFACTURERS 


Products: Subject to compliance with requirements, provide one of the products indicated 
for each designation in the Lighting Fixture Schedule shown on plans. 


LIGHTING COLUMNS 


Construction: Columns are to be circular section, tapered, formed sheet steel, electrically 
welded, and of height specified. Columns up to 12-m height are to be one piece section. 
Columns above 12 m and up to 20-m height may be supplied in two piece sections, of the 
slip joint type with sufficient overlap to ensure correct vertical alignment of column after 
assembly. Columns are to have minimum wall thickness of 3 mm at base. Sheet steel is to 
have minimum rupturing resistance of 37 kg/mm2 and minimum yield strength of 24 
kg/mm2. 


Top of column is to be designed to receive single or double arm brackets or other 
arrangement required, supporting luminaires. Bracket arrangement is to be designed to 
ensure that failure, due to wind induced oscillations, does not occur and that rotation from 
desired alignment is not possible. 


Column Design: Column cross-section, thickness of steel, joints, welds, bolts etc. are to be 
designed to withstand gust wind velocity of 160 km/hr blowing in the most unfavorable 
direction at a height 10 m above ground level, with column fully equipped. Fatigue of steel 
is in no case to exceed half elasticity limit, taking into account dynamic stresses due to 
vibrations. Steel flange plate, of adequate thickness, is to be solidly welded onto lower edge 
of column, and is to have specified number of holes for holding down bolts together with 
central cable access hole not less than 150 mm diameter. 


Access door of weatherproof construction is to be positioned at column base and is to be 
suitably sized to insert and service the supply cable terminations and protective device. 
Door is to be flush fitting with retaining mechanism and positive locking arrangement with 
removable hexagonal key. Column is to be reinforced at door opening. Opposite each door, 
a non-hygroscopic baseboard of suitable size to accept appropriate equipment is to be fixed 
to inside of column by purpose-made brackets. Stainless steel earthing stud with washers 
and nuts is to be welded inside the column near the access door. 


Finish: Welds are to be smooth with spatter removed, inside and outside surfaces of column 
are to be cleaned by pickling or blasting and are to be free of grease. Steel components of 
columns to be hot-dip galvanized after fabrication. Minimum thickness of zinc coating is to 
be 500 g/m2 on both inside and outside surfaces of column. Galvanizing is to be to NFA 91 
/ 121 or BS EN ISO 1461 . Any damage to galvanizing is to be rectified during erection by 
wire brushing affected area and treating with approved rust converter to the satisfaction of 
Engineer. Flange plate and inside and outside of column base are to be coated with heavy 
bitumen paint prior to erection. 


Protection and Wiring: Columns with one or two luminaires are to be connected over one 
phase and neutral. Columns with three or more luminaires are to be connected over 3 phases 
and neutral. Bolted terminals and cable lugs are to be provided with 3 phases and neutral 
terminals, for incoming and outgoing 3 phase 4-wire cable. One circuit breaker, single pole 
6 A is to be provided for each phase leading to a luminaire. Circuit breakers are to be 
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2.3 


compensated and rated for 50 deg. C ambient with interrupting capacity of at least 9 kA, and 
are to be mounted in weatherproof enclosure at baseboard. Wiring is to be PVC insulated 3 
core or 4 core 85-deg. C conductor temperature. Cable is to be at least 4 mm2 copper 
conductor. 


ROAD LIGHTING LUMINAIRES 


Construction: Totally enclosed, dust protected and splash proof, conforming to at least IP 54 
of IEC 60529, shock resistant and specially designed to house required lamps, electrical 
gear and accessories. Body is to be corrosion resistant, extruded, pressure die-cast or 
fabricated aluminum alloy. 


Finish: Exposed metal parts of luminaires are to be factory finished, stove enameled, with 
suitable corrosion resisting paint capable of resisting heat emitted by lamp during 
continuous operation, and under full sunlight conditions. Color is to be agreed with 
Engineer. 


Mirror Reflectors: 99.5% purity, glazed and anodized aluminum or die-cast, super-purity 
aluminum vapor-deposited, and coated with transparent layer of silicon protection against 
wiping. 


Luminaire Protectors: Heat and shock resistant glass, mounted into suitable frame assembly 
fixed to body by captive screws, and secured by extra safety clamps to allow replacement of 
protector and reflector. Ozone resistant ethylene propylene or approved equivalent rubber is 
to ensure sealing of the front glass. 


Lamp Sockets: High-grade porcelain, mounted in support brackets with provision to adjust 
lamps vertically and axially. Lamp support and locking system are to grip and prevent lamp 
movement in operation. 


HRC fuse cartridges, suitably rated and conforming to IEC 60269 or BS 88, are to be 
provided, complete with base, for protection of the luminaire. Fuse is to be rated to 
withstand starting current and is to be preferably located in control gear enclosure. 


Terminal Blocks: Made of porcelain, suitable screw-tunnel type, clearly marked with 
arrangement to facilitate maintenance, quick replacement and easy disconnection of 
individual components. 


Light Emitting Diode (LED) lighting system shall be a solid state device embodying a p-n 
junction, emitting optical radiation when excited by an electric current. It shall be part of the 
LED module which is supplied as a light source. Output color consistency shall be 
guaranteed and have a minimum Color Rendering Index (CRI) 80 measured in accordance 
with IES LM-79-08. 


LED luminaires shall comply with IEC 60598. 


LEDs shall have an efficacy of 100 lumens per watt as a minimum. measured in accordance 
with IES LM-79-08, Approved Method: Electrical and Photometric Measurement of Solid- 
State Lighting Products. 


Luminaire shall have a measured efficacy of 85 lumen per watt at specified ambient 
temperature, measured in accordance to IES LM-82-12 characterization of LED light 
engines and LED lamps for electrical and photometric properties as function of temperature. 
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L. Guaranteed rated life (L80B50) shall not be less than 50,000 hours as per IES LM-80-08, 
Approved Method: Measuring Lumen Maintenance of LED Light Sources and IES TM-21- 
11, Projecting Long Term Maintenance of LED Light Sources, in conjunction with the 
results of the ISTMT in-situ temperature measurement test report. 


M. Luminaires guaranteed lifetime shall cover all fixtures components including lamp, fixture 
and drivers. 


N. LEDs shall comply with Photo-biological Safety of lamps and lamp systems in accordance 
with the requirements of BS EN 62471:2008. Provide a test report to prove the fixture is 
classed as “Exempt” or “Risk Group 1” maximum. 


O. Each luminaire type shall be binned within a five-step Mac-Adam Ellipse to ensure color 
consistency among luminaires. 


P. EMI/RFI shall meet BS EN 55015 requirements. 


Q. Housing shall incorporate an adequate heat sink the design of the heat sinks shall be such 
that there is a direct thermal path from the led junctions to the atmosphere thus providing a 
thermal transfer effect throughout the life of the luminaire which ensures the overall fittings 
and the LEDs are kept relatively cool. 


R. Electronic control gear for LED: high efficiency, high power factor (a minimum of 0.9), 
suitable for operation at the ambient conditions specified for the project. Control gear shall 
have constant output current over the whole wattage range independent of mains supply 
fluctuations and sufficient for operating the number and wattage of LEDs connected. 
Guaranteed rated life of the control gear shall be above 50,000 hours as a minimum. 


S. LED Drivers shall have electrical insulation between primary and secondary sides. 
Secondary cables from the Drivers to LED modules shall be provided by the LED supplier. 
Maximum length between Drivers and LED module shall be as per manufacturer’ s 
recommendations. 


T. LED drivers shall be protected against electric shock, accidental contact with live parts, 
short circuit, overload, over temperature where the output current is reduced if the 
temperature limit is exceeded and shall be earthed (protection class I). 


U. In case LED luminaire internal temperature monitoring is required then the LED control 
gear shall be provided with the possibility to connect a temperature sensor to monitor the 
LED temperature and protect the LED modules against thermal damage. 


V. Dimmable control gear, where required, shall be compatible with the dimming system used. 


W. Drivers shall be compatible with the lighting control system used such as; 1-10V, DALI, 
DMX , etc (As applicable). 


X. LED driver shall be provided with constant light output function in order to maintain the 
light output of the LED by increasing the LED driving current over the lifetime. 


Y. Control gear shall comply with IEC 61347-1, IEC 61347-2-13 and IEC 62384 and shall 
meet the limits of main harmonic content as defined in IEC 61000-3-2 and comply with 
radio interference suppression limits defined in BS EN 55015 and immunity requirements of 
TEC 61547. 
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Z. SPD would be required at each outdoor LED luminaire with minimum Uoc (1.2/50 us) of 
10KV and Isc (8/20 us) 1OKA for category C high exposure, also SPD should be tested to 
UL1499 or IEC 61643-11(type 3 or type2+3) and has the relevant test report. 


PART 3 - EXECUTION 


3.1 INSTALLATION 
A. Equipment: Install equipment to be readily accessible for operation, maintenance and repair. 


B. Column Bases: Install columns on concrete bases. Before commencement of construction, 
ensure that bases are suitable for column installation. 


Q 


Holding Down and Plumb Adjusting Nuts, Washers, Locknuts or Nyloc Nuts: Stainless 
steel or cadmium plated. 


D. Columns: Erect columns so that luminaires are located on a line parallel to theoretical 
profile of road. Alignment of columns, both horizontally and vertically, is to be secured to 
the satisfaction of Engineer. Brackets are to be set at 90 degrees to longitudinal axis of 
road. 


m 


Install poles as follows: 


1. Use web fabric slings (not chain or cable) to raise and set poles. 
Mount pole to foundation with leveling nuts, and tighten top nuts to torque level 
recommended by pole manufacturer. 

3: Secure poles level, plumb, and square. 

4. Grout void between pole base and foundation. Use non-shrinking or expanding 
concrete grout firmly packed in entire void space. 

5: Use a short piece of 13-mm diameter pipe to make a drain hole through grout. 
Arrange to drain condensation from interior of pole. 


F. Luminaire Attachment with Adjustable Features or Aiming: Attach luminaires and supports 
to allow aiming for indicated light distribution. 


G. Mounting Adjustments: After demonstrating to Engineer that specified lighting 
requirements have been met, carry out final setting and locking in position of the 


floodlights. 

H. Luminaire Attachment: Fasten to indicated structural supports. 

I. Lamp luminaires with indicated lamps according to manufacturer's written instructions. 
Replace malfunctioning lamps. 

J. Cabling Conduits and Ductwork: Carry out in accordance with Division 26 Section 
"Conductors and Cabling". Cable ducts are to be directly buried except at crossings with 
other service work or roads. 
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3.2 


3.3 


INSPECTION AND TESTS ON SITE 


Visual inspection is to include inspection of condition of each piece of equipment, quality of 
workmanship, alignment, perpendicularity, labeling and the like, all in conformance with 
the Specification. 


Insulation resistance and continuity tests are to be carried out on each circuit and piece of 
equipment before energization, with circuit breakers in the open position and lamps not 
installed. 

Operational tests are to be carried out on all circuit breakers and control gear, with lamps 
installed, including recording voltage at terminals of ballasts on final columns of each 


circuit and at distribution panel or the like. 


Performance tests are to be carried out after 100 hours normal operation, and are to include 
measurement of lighting and uniformity levels on required illuminated surfaces. 


Other tests are to be carried out as required by the Engineer to verify conformity with the 
Specification. 


Earthing resistance tests are to include measurement of earth electrode resistance at final 
points of circuits and continuity of protective conductors. 


Results of tests are to be recorded on site and signed by witnessing parties. 
Provide instruments to make and record test results. 


Tests and Observations: Verify normal operation of lighting units after installing luminaires 
and energizing circuits with normal power source, and as follows: 


1. Measure light intensities at night if specific illumination performance is indicated. 
Use calibrated photometers. 

2. Check intensity and uniformity of illumination. 

3: Check excessively noisy ballasts. 


Prepare a written report of tests, inspections, observations and verifications indicating and 
interpreting results. 


Malfunctioning Fixtures and Components: Replace or repair, then retest. Repeat procedure 
until units operate properly. 

CONNECTIONS 

Ground Equipment: 


1. Tighten electrical connectors and terminals according to manufacturer's published 
torque-tightening values. 


Ground metal poles/support structures according to Division 26 Section "Grounding and 
Bonding." 


1. Nonmetallic Poles: Ground metallic components of lighting units and foundations. 
Connect luminaires to grounding system with conductor as shown on plans or in 
accordance with Regulations. 


EXTERIOR LIGHTING 265600 - Page 9 of 10 
P21161/4309-04-TD-SPC-15A-EL-01 REV 0 


RFP — Karachi Mobility Project (Yellow BRT) — PK-SMTA-334960-CW-RFP 
Procurement of Package - 4: NEW JAM SADIQ BRIDGE (Yellow Corridor Segment 3) 
Volume (2): Part (B) Specifications (2 of 2) - 265600 - Exterior Lighting 


3.4 CLEANING AND ADJUSTING 
A. Clean units after installation. Use methods and materials recommended by manufacturer. 


B. Adjust amiable luminaires and luminaires with adjustable lamp position to provide required 
light distributions and intensities. 


END OF SECTION 265600 
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SECTION 311000 - SITE CLEARING 


PART 1 - GENERAL 


1.1 


A. 


1.2 


1.3 


RELATED DOCUMENTS 


Drawings and general provisions of the Contract, including Conditions of Contract and 
Division 01 Specification Sections, apply to this Section. 


SUMMARY 
Section Includes: 


Protecting existing vegetation to remain. 

Removing existing vegetation. 

Clearing and grubbing. 

Stripping and stockpiling topsoil. 

Removing above- and below-grade site improvements. 

Disconnecting, capping or sealing, and removing site utilities and/or abandoning site 
utilities in place. 

7. Temporary erosion and sedimentation control measures. 


DE Oo 


Related Sections: 


1. Section 015000 "Temporary Facilities and Controls" for temporary utility services, 
construction and support facilities, security and protection facilities, and temporary 
erosion- and sedimentation-control measures. 

2. Section 024116 "Structure Demolition" for demolition of buildings, structures, and site 
improvements. 

3. Section 024119 "Selective Structure Demolition" for partial demolition of buildings or 
structures. 


DEFINITIONS 


Subsoil: All soil beneath the topsoil layer of the soil profile and typified by the lack of organic 
matter and few soil organisms. 


Surface Soil: Soil that is present at the top layer of the existing soil profile at the Project site. 
In undisturbed areas, the surface soil is typically topsoil; but in disturbed areas such as urban 
environments, the surface soil can be subsoil. 


Topsoil: Top layer of the soil profile consisting of existing native surface topsoil or existing 
in-place surface soil and is the zone where plant roots grow. 


Plant-Protection Zone: Area surrounding individual trees, groups of trees, shrubs, or other 
vegetation to be protected prior to, and during construction, and indicated on Drawings. 


Tree-Protection Zone: Area surrounding individual trees or groups of trees to be protected 
prior to, and during construction, and indicated on Drawings. 
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1.4 


1.5 


1.6 


Vegetation: Trees, shrubs, groundcovers, grass, and other plants. 

Utilities: Underground pipes, conduits, ducts and cables, including manholes, chambers, tanks 
and other underground appurtenances: above ground utility structures, poles lines, services 
and the likes. 

Erosion: The wearing away of the ground surface as a result of the movement of wind or 
water. 

PREINSTALLATION MEETINGS 


Pre-installation Conference: Conduct conference at the Project site. 


1. Review methods and procedures related to site clearing including, but not limited to, 
the following: 


a. Review geotechnical report. 

b. Discuss existing utilities and subsurface conditions. 

c. Review coordination with temporary controls and protections. 
ACTION SUBMITTALS 


All related Product Data. 


INFORMATIONAL SUBMITTALS 


Existing Conditions: Documentation of existing trees and plantings, adjoining construction, 
services and site improvements that establishes preconstruction conditions that might be 
misconstrued as damage caused by site clearing. 


1. Use sufficiently detailed photographs or video recordings. 
2. Include plans and notations to indicate specific wounds and damage conditions of each 


tree or other plants designated to remain. 


Record Drawings: Identifying and accurately showing locations of capped utilities and other 
subsurface structural, electrical, and mechanical conditions. 


Topsoil stripping and stockpiling program. 


Rock stockpiling program. 


QUALITY ASSURANCE 


"Product, Material and Equipment shall demonstrate compliance with requirements specified 
in Section 016000 "Product Requirements". 


Topsoil Stripping and Stockpiling Program: Prepare a written program to systematically 
demonstrate the ability of personnel to properly follow procedures and handle materials and 
equipment during the Work. Include dimensioned diagrams for placement and protection of 
stockpiles. 
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Ç: Rock Stockpiling Program: Prepare a written program to systematically demonstrate the 
ability of personnel to properly follow procedures and handle materials and equipment during 
the Work. Include dimensioned diagrams for placement and protection of stockpiles. 


1.8 FIELD/PROJECT CONDITIONS 


A. Traffic: Minimize interference with adjoining roads, streets, walks, and other adjacent 
occupied or used facilities during site-clearing operations. 


1. Do not close or obstruct streets, walks, or other adjacent occupied or used facilities 
without permission from the Engineer and authorities having jurisdiction. 
2: Provide alternate routes around closed or obstructed traffic ways if required by the 


Engineer or authorities having jurisdiction. 


B. Improvements on Adjoining Property: Authority for performing site clearing indicated on 
property adjoining the Employer’s property will be obtained by the Employer before award 
of Contract. 

C. Protection of Existing Improvements: Provide protections necessary to prevent damage to 


existing improvements indicated or directed to remain in place. Restore damaged 
improvements to their original condition, to the satisfaction of the Engineer. 


D. Do not proceed with work on adjoining property until directed by the Engineer. 


E. Clearing, Grubbing, and Grading works shall not be commenced prior obtaining the required 
permits from the relevant authorities. 


F. Salvable Improvements: Carefully remove items indicated to be salvaged and store on the 
Employer premises where indicated. 


G. Utility Locator Service: Notify utility locator service for area where Project is located before 
site clearing. 


H. — Do not commence site clearing operations until temporary erosion- and sedimentation-control 
and plant-protection measures are in place. 


I. The following practices are prohibited within protection zones: 
1. Storage of construction materials, debris, or excavated material. 
2: Parking vehicles or equipment. 
3. Foot traffic. 
4. Erection of sheds or structures. 
3: Impoundment of water. 
6. Excavation or other digging unless otherwise indicated. 
7. Attachment of signs to or wrapping materials around trees or plants unless otherwise 
indicated. 
J. Do not direct vehicle or equipment exhaust towards protection zones. 


K. Prohibit heat sources, flames, ignition sources, and smoking within or near protection zones. 


L. Soil Stripping, Handling, and Stockpiling: Perform only when the topsoil is dry or slightly 
moist. 
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M. 


N. 


O. 


Stumps and roots shall be removed from the soil to a depth of not less than 300 mm below 
the surface of the ground in the area to be occupied by the building. 


Wood forms that have been used in placing concrete, if within the ground or between 
foundation fills and the ground, shall be removed before a building is occupied or used for 
any purpose. 


Before completion, loose or casual wood shall be removed from direct contact with the ground 
under the building. 


PART 2 - PRODUCTS 


2.1 


A. 


B. 


MATERIALS 


Satisfactory Soil Material: Requirements for satisfactory soil material are specified in 
Section 312000 "Earth Moving." 


1. Obtain approved borrow soil material off-site when satisfactory soil material is not 
available on-site. 


Antirust Coating: Fast-curing, lead- and chromate-free, self-curing, universal modified-alkyd 
primer complying with the Drawings. 


PART 3 - EXECUTION 


3.1 


A. 


3.2 


A. 


MATERIAL OWNERSHIP 


Except for stripped topsoil and other materials indicated or directed to be stockpiled or 
otherwise remain the Employer’s property, cleared materials shall become the Contractor's 
property and shall be removed from Project site. 


PREPARATION 


Protect and maintain benchmarks and survey control points from disturbance during 
construction. 


Locate and clearly identify trees, shrubs, and other vegetation to remain or to be relocated. 
Wrap a 25 mm blue vinyl tie tape flag around each tree trunk at 1400 mm above the ground. 


Protect existing structures, utilities, sidewalks, pavements and other facilities on or adjacent 
to the site, including existing site improvements and features to remain from damage during 
construction. 


1. Promptly repair and restore damaged improvements to their original condition, as 
acceptable to the Engineer. 


The ground surface shall be prepared to receive fill by removing vegetation, noncomplying 
fill, topsoil and other unsuitable materials, and scarifying the ground to provide a bond with 
the fill material. 
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3.3 


3.4 


3.5 


TEMPORARY EROSION AND SEDIMENTATION CONTROL 


Provide temporary erosion and sedimentation control measures to prevent soil erosion and 
discharge of soil-bearing water runoff or airborne dust to adjacent properties and walkways, 
according to erosion- and sedimentation-control Drawings and requirements of authorities 
having jurisdiction. 


Verify that flows of water redirected from construction areas or generated by construction 
activity do not enter or cross protection zones. 


Inspect, maintain, and repair temporary erosion- and sedimentation-control measures during 
construction until permanent vegetation has been established. 


Remove temporary erosion and sedimentation control measures and restore and stabilize areas 
disturbed during removal. 


The faces of cut and fill slopes shall be prepared and maintained to control erosion. This 
control shall be permitted to consist of effective planting. 


Erosion control measures need not be provided on cut slopes not subject to erosion due to the 
erosion-resistant character of the materials. 


Erosion control for the slopes shall be installed as soon as practicable and prior to calling for 
final inspection. 
TREE AND PLANT PROTECTION 


General: Protect trees and plants remaining on-site. Submit details of protection measures for 
approval of Engineer. 


Repair or replace trees, shrubs, and other vegetation indicated to remain or to be relocated 
that are damaged by construction operations, in a manner approved by the Engineer. 


1. Submit details of proposed repairs. 
2. Replace trees and shrubs that cannot, as determined by the Engineer, be repaired and 
restored to full-growth status 


EXISTING UTILITIES 


Locate, identify, disconnect, and seal or cap existing utilities indicated to be removed or 
abandoned in place. 


1. Arrange with utility companies to shut off indicated utilities. 

Locate, identify, and disconnect utilities indicated to be abandoned in place. 

Interrupting Existing Utilities: Do not interrupt or interfere with utilities serving facilities on 
the site or on adjoining properties unless permitted by the Engineer under the following 


conditions and then only after arranging to provide temporary utility services according to 
requirements indicated: 


1. Notify the Engineer not less than two days in advance of proposed utility interruptions. 
2. Do not proceed with utility interruptions without the Engineer’s written permission. 
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3.6 


3.7 


Excavate for and remove underground utilities indicated to be removed. 


Temporarily or permanently re-route or re-locate existing utilities as necessary to facilitate 
new construction. 


Removal of underground utilities is included in earthwork sections and with applicable fire 
suppression, plumbing, HVAC, electrical, communications, electronic safety and security and 
utilities sections, Section 024116 "Structure Demolition" and Section 024119 "Selective 
Structure Demolition". 


CLEARING AND GRUBBING 


Remove obstructions, fences, track roads, existing pavement, concrete barriers, loose rock 
blocks, boulders, trees, shrubs, and other vegetation to permit the installation of new 
construction. 


1. Do not remove trees, shrubs, and other vegetation indicated to remain or to be relocated. 
Completely remove stumps, roots and other debris. 

3. Grind down stumps and remove roots, obstructions, and debris to a depth of 450 mm 
below the exposed subgrade. 

4. Use only hand methods for grubbing within protection zones. 

5. Chip removed tree branches and stockpile in areas approved by the Engineer or dispose 


of off-site, if instructed by the Engineer. 


Cleared and grubbed material shall not be left in or under embankments or other constructed 
facilities. All removed materials shall be disposed off at locations approved by the Engineer. 


Fill depressions caused by clearing and grubbing operations with satisfactory soil material 
unless further excavation or earthwork is indicated. 


1. Place fill material in horizontal layers not exceeding a loose depth of 200 mm, and 
compact each layer to a density equal to adjacent original ground. 


TOPSOIL STRIPPING 
Remove sod and grass before stripping topsoil. 


Strip topsoil to the depth indicated on Drawings in a manner to prevent intermingling with 
underlying subsoil or other waste materials. 


1. Remove subsoil and non-soil materials from topsoil, including clay lumps, stones, 
gravel, and other objects larger than 50 mm in diameter; trash, debris, weeds, roots, and 
other waste materials. 


Stockpile topsoil away from edge of excavations without intermixing with subsoil. Grade 
and shape stockpiles to drain surface water. Cover to prevent windblown dust and erosion by 
water. 


1. Limit the height of topsoil stockpiles to 1800 mm. 
Do not stockpile topsoil within protection zones. 

3. Dispose of surplus topsoil. Surplus topsoil is that which exceeds the quantity indicated 
to be stockpiled or reused. 

4. Stockpile surplus topsoil to allow for respreading deeper topsoil. 
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3.8 


3.9 


SITE IMPROVEMENTS 


Remove existing above- and below-grade improvements as indicated and necessary to 
facilitate new construction. 


Remove slabs, paving, curbs, gutters, and aggregate base as indicated. 


1. Unless existing full-depth joints coincide with the line of demolition, neatly saw-cut 
along the line of existing pavement to remain before removing adjacent existing 
pavement. Saw-cut faces vertically. 

De Paint cut ends of steel reinforcement in concrete to remain with two coats of antirust 
coating, following coating the manufacturer's written instructions. Keep paint off 
surfaces that will remain exposed. 


DISPOSAL OF SURPLUS AND WASTE MATERIALS 


Remove surplus soil material, unsuitable topsoil, obstructions, demolished materials, and 
waste materials including trash and debris, and legally dispose of them off the Employer’ s 


property. 


Separate recyclable materials produced during site clearing from other unrecyclable materials. 
Store or stockpile without intermixing with other materials and transport them to recycling 
facilities. Do not interfere with another Project work. 


Waste materials shall be removed in a manner that prevents injury or damage to persons, 
adjoining properties and public rights-of-way. 


Disposal of removed materials at public and private sites away from the right of way shall be 
done at the Contractors sole expense, in accordance with all laws and regulations, after an 
agreement with the property owner or public agency has been fully executed. 


END OF SECTION 311000 
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SECTION 311100 - CLEARING AND GRUBBING 


PART 1 - GENERAL 


1.1 DESCRIPTION 


This work shall consist of removal to the specified depth, grubbing and disposal of all surface 
objects, as and where directed in writing by the Employer Representative, stumps, roots, 
bushes and trees with less than 150 mm girth, vegetation, logs, rubbish and other objectionable 
material except such objects as are designated to remain or are to be removed in accordance 
with other section of specification. 


PART 2 - PRODUCTS (Not Used) 


PART 3 - EXECUTION 


1.2 CONSTRUCTION REQUIREMENTS 
A. Clearing / Grubbing 


In roadway cut areas, all surface objects or any object to the depth of 30 cm. below 
subgrade level such as stumps, roots, vegetation, bushes, logs, rubbish shall be cleared and 
/ or grubbed as directed by the Engineer. In roadway fill areas where clearing and grubbing 
is required, same shall be carried out to the depth of 30 cm below natural surface level as 
described above. 


Operation of clearing and grubbing shall in no way be deemed of effect any level or 
volume change of the area. 


After clearing and grubbing, the compaction of the area will be restored to its original 
value without any extra payment. However, Engineer may direct in writing to the 
Contractor for stripping (if so required). The Contractor shall remove topsoil from these 
areas to depth as directed by Engineer. Stripping of topsoil in any case shall be not less 
than 10 cm. in depth below the natural ground. All sods and vegetable matters shall be 
removed and clear surface shall be broken up by ploughing and scarifying to compact to 
the degree as defined below: 


For height of Embankment Percent of Maximum Dry Density as 
below sub grade level. determined by AASHTO T-180 
0 to 30 cm 95 
30 to 75 cm 93 
Over 75 cm 90 
Below the foundation of 
95 
structures 


The removed topsoil shall be transported, deposited in stock piles at locations designated 
by the Engineer and / or spread where indicated on the drawings or as directed by the 
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Engineer. Engineer shall, however identify the soil as unsuitable through laboratory tests. 


The top soil shall be placed separately from other excavated materials and be completely 
removed to the required depth from the area prior to the beginning of regular excavation or 
embankment work in that area. 


Compaction of the natural ground surface in such areas will be difficult if not impossible. 
See Items 108, etc. under Formation of Embankment for construction requirements under 
these conditions, where compaction of Natural Ground shall not be carried out. 


Before bottom layer of embankment is placed, Contractor will grub up and remove without 
extra payment, any vegetation that may, in the meantime have grown on surface previously 
cleared and grubbed. 


All trees having girth less than 150 mm measured at (600) mm above ground and falling 
within the construction limits shall be felled & removed by the Contractor. The excavation 
and removal of trees, roots and stumps including backfilling and compacting of holes and 
restoring the natural ground to the original condition shall be responsibility of the 
Contractor for which no extra payment shall be made to him. The trees, stumps & roots 
remains the property of the Employer, which shall be delivered at designated place as 
directed by the Engineer. 


B. Protection and Restoration 


The Contractor shall prevent all pipes, conduits, wires, cables or structure above or below 
ground. No land monuments, property markers, or official datum points shall be damaged 
or removed until the Employer / Engineer has witnessed or otherwise their locations and 
approved their removal. The Contractor shall so control his operations as to prevent 
damage to shrubs, which are to be preserved. Protection may include fences and boards 
latched to shrubs, to prevent damage from machine operations. Any damage as a result of 
Contractor’s operation shall immediately be rectified by him at his own expense. 


END OF SECTION 311100 
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SECTION 312000 - EARTH MOVING 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 
A. Drawings and general provisions of the Contract, including Conditions of Contract and 
Division 01 Specification Sections, apply to this Section. 
1.2 SUMMARY 
A. Section Includes: 
1. Preparing subgrades 
2: Excavating and backfilling for structures. 
3. Drainage and moisture-control fill course for concrete slabs-on-grade. 
4. Subsurface drainage backfill for walls and trenches. 
5. Excavating and backfilling trenches for utilities and pits for buried utility structures. 
6. Excavating and backfilling trenches and pits for buried mechanical and electrical 
utilities and appurtenances. 
7. Excavation support and protection not otherwise provided for in other Sections of the 
Specification. 
B. Related Requirements: 
1. Section 033000 "Cast-in-Place Concrete" for granular course if placed over vapor 
retarder and beneath the slab-on-grade. 
2. Section 311000 "Site Clearing" for site stripping, grubbing, stripping, stockpiling 
topsoil, and removal of above- and below-grade improvements and utilities. 
3. Section 316329 "Drilled Concrete Piles " for excavation of shafts and disposal of 
surplus excavated material. 
4. Section 321116.16 "Aggregate Subbase Course" 
5: Section 321123 "Aggregate Base Course" 
6. Section 321133 "Cement-Treated And Cement Bound Base Course" 
7. Section 321216 "Asphalt Paving" 
8. Section 321313 "Concrete Paving" 
9. Section 321373 "Concrete Paving Joint Sealants" 
1.3 DEFINITIONS 
A. Backfill: Soil material or controlled low-strength material used to fill an excavation. 
1. Initial Backfill: Backfill placed beside and over pipe in a trench, including haunches 
to support sides of pipe. 
2; Final Backfill: Backfill placed over initial backfill to fill a trench. 
B. Bedding Course: Aggregate layer placed over the excavated subgrade in a trench before laying 
pipe. 
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Ç: Borrow Soil: Satisfactory soil imported from off-site for use as fill or backfill. 


D. Drainage Course: Aggregate layer supporting the slab-on-grade that also minimizes upward 
capillary flow of pore water. 


E. Excavation: Removal of material encountered above subgrade elevations and to lines and 
dimensions indicated by artificial means, also referred to as a cut. 


1. Authorized Additional Excavation: Excavation below subgrade elevations or beyond 
indicated lines and dimensions as directed by the Engineer. Authorized additional 
excavation and replacement material will be paid for according to Contract provisions. 

2: Bulk Excavation: Excavation more than 3 m in width and more than 9 m in length. 

3. Unauthorized Excavation: Excavation below subgrade elevations or beyond indicated 
lines and dimensions without direction by the Engineer. Unauthorized excavation, as 
well as remedial work directed by the Engineer, shall be without additional 
compensation. 


F. Fill: Soil materials used to raise existing grades by artificial means. 


G. Rock: Rock material in beds, ledges, unstratified masses, conglomerate deposits, and 
boulders of rock material (0.57 cu. m) or more in volume that exceed a standard penetration 
resistance of (100 blows/50 mm) when tested by a geotechnical testing agency, according to 
ASTM D 1586. 


H. Structures: Buildings, footings, foundations, retaining walls, slabs, tanks, curbs, mechanical 
and electrical appurtenances, or other man-made stationary features constructed above or 
below the ground surface. 


I. Subgrade: Uppermost surface of an excavation or the top surface of a fill or backfill 
immediately below subbase, drainage fill, drainage course, or topsoil materials. 


J. Utilities: On-site underground pipes, conduits, ducts, and cables, as well as underground 
services within buildings. 


K. Stone Pitching Slope Treatment: Stone pitching slope treatment consists of the placement of 
stone pitching on slopes at the locations shown on the drawings, or as ordered by the Engineer, 
in accordance with these specifications and in conformity with the lines, grades, thickness, 
and typical cross-section shown on the drawings or established by the Engineer. 


L. Stone Dumping: Stone dumping consists of the placement of stone around structures such as 
Pile Caps, Retaining walls etc. and/or at the required locations recommended in the hydrology 
and hydraulic study, or as ordered by the Engineer, in accordance with the lines, grades, 
thickness of these specifications. 


M. Erosion: The wearing away of the ground surface as a result of the movement of wind or 
water. 


N. Slope: An inclined surface, the inclination of which is expressed as a ratio of horizontal 
distance to vertical distance. 


O. Embankment: Soil materials used to raise existing grades under roadways and vehicular and 
pavements. 
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1.4 PREINSTALLATION MEETINGS 


A. _ Pre-installation Conference: Conduct conference at the Project site. 

1. Review methods and procedures related to earthmoving including, but not limited to, 
the following: 
a. Review geotechnical report. 
b. Discuss existing utilities and subsurface conditions. 
c. Review coordination with temporary controls and protections. 
d. Personnel and equipment needed to make progress and avoid delays. 
e. Coordination of Work with utility locator service. 
f. Coordination of Work and equipment movement with the locations of tree and 


plant-protection zones. 
Extent of trenching by hand or with air spade. 
Field quality control. 


pga 


1.5 ACTION SUBMITTALS 
A. Product Data: For each type of the following manufactured products required: 


1 Geotextiles. 

2 Controlled low-strength material, including design mixture. 
3. Warning tapes. 

4 Geo-Memberane 


B. Samples for Verification: For the following products, in sizes indicated below: 


1. Geotextile: 300 by 300 mm. 
2. Warning Tape: 300 mm long; of each color. 
3. Geo-Mabrane 200 x 300 mm 


E; Pre-construction Records: Before an excavation is started: 
1. Ground levels shall be agreed at suitable intervals with the Engineer. 


Surface materials and conditions shall be recorded in the presence of the Engineer and, 
where appropriate, the Employers or occupiers of the land. 


3. The Contractor shall take photographs to illustrate existing damage or conditions, 
which may prove contentious at the time of reinstatement. 
4. This information shall be neatly presented and submitted to the Engineer. 
D. Any significant details of any existing natural or piped subsoil drainage or other underground 


features shall be identified to the Engineer as work proceeds. 


E. For excavations for pipelines or lengthy conduit installations, trial excavations shall be carried 
out along the route of pipeline/underground conduit for location of all existing services and 
findings shall be presented on drawings with location, type, and levels. All services shall be 
included in final drawings. The excavations shall not be backfilled without approval. 


F. Temporary Support System: Design of temporary support system, where required. 
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1.6 


1.7 


D. 


1. Submit method statement for the ground support works and shop drawings showing the 
support system details and calculations showing the adequacy and stability of the 
proposed system. 


Temporary Dewatering System: Design of temporary dewatering system including coffer- 
dams, where required. 


1. Submit method statement for the temporary dewatering works and shop drawings 
showing the details and calculations, and the adequacy and safety of the proposed 
system. 


Material Test Reports: From a qualified testing agency indicating and interpreting test results 
for compliance of the following with requirements indicated: 


1. Classification according to ASTM D2487 of each on-site or borrow soil material pro- 
posed for backfill, fill, embankment, and subgrade layer. 

2. Laboratory compaction curve according to AASHTO T-180 (Method D) Modified 
Proctor for each on-site or borrow soil material proposed for backfill, fill, embankment, 
and subgrade layer. 

3. Geotextiles: Physical properties in compliance with AASHTO M 288, for the specified 
Type. 

4. 4 Geo-Membrane: Physical properties in compliance with ASTM D-570, D-751(min- 
imum), D-792(Typical), D-814, D-882(minimum), D-1004, D-1203, ASTM- 
1204(maximum), D-1790, D-3083, D-5199. 


Grading plan shall be submitted to show the existing grade and finished grade in contour 
intervals of sufficient clarity to indicate the nature and extent of the work and show in detail 
that it complies with the requirements of related Authorities. 

INFORMATIONAL SUBMITTALS 

Qualification Data: For qualified testing agency. 

Preexcavation Photographs or Video recording: Show existing conditions of adjoining 
construction and site improvements, including finish surfaces that might be misconstrued as 
damage caused by earth moving operations. Submit before earth moving begins. 

Method statement: submit for the Engineer's approval, prior to commencement of any fill 
works on site, a method statement detailing the source of filling material, equipment to be 
employed, method of filling, and other related works. 


QUALITY ASSURANCE 


Product shall demonstrate compliance with requirements specified in Section 016000 
"Product Requirements". 


Geotechnical Testing Agency Qualifications: Qualified according to ASTM E329 and 
ASTM D3740 for testing indicated. 


Pre-excavation Conference: Conduct a conference at the Project site to comply with 
requirements in Division 1 Section "Project Management and Coordination." 


Codes and Standards: perform work in accordance with: 
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1. The requirements and procedures of the Authorities. 
ASTM Construction Standards-Volume 4, ASTM D1557and AASHTO applicable 
standards. 

3. Recommendations of Construction Industry Research and Information Association 


(CIRIA) Special Publication C683 Rock Manual. 


1.8 DELIVERY, STORAGE, AND HANDLING 


A. The temporary use of streets or public property for the storage or handling of materials or of 
equipment required for construction or demolition, and the protection provided to the public 
shall comply with the provisions of the relevant authorities. 


B. Construction materials and equipment shall not be placed or stored so as to obstruct access to 
fire hydrants, standpipes, fire or police alarm boxes, catch basins or manholes, nor shall such 
material or equipment be located within 6.1 m of a street intersection, or placed so as to 
obstruct normal observations of traffic signals or to hinder the use of public transit loading 
platforms. 


C. Stockpile borrow soil materials and excavated satisfactory soil materials without intermixing. 
Place, grade, and shape stockpiles to drain surface water. Cover to prevent windblown dust. 


D. Stockpile soil materials away from edge of excavations. Do not store within drip line of 
remaining trees. 


1.9 FIELD/PROJECT CONDITIONS 


A. Project Site Information: A soil investigation program shall be carried out by the Contractor 
to acquire all the information deemed necessary concerning the geotechnical conditions, 
perform the design, and safely execute the construction works. The Contractor is entirely 
responsible for his own assessment, interpretation, use, and conclusions drawn from the 
information data, tests analyses, and opinions contained in geotechnical reports. 


B. Existing Utilities: Survey to confirm locations, sizes, and types of such utilities within 
construction areas in advance of disturbing them. Provide proper safeguard, support, and 
protection from construction activities. Do not interrupt existing utilities serving facilities 
occupied by the Employer or others except when permitted in writing by the Engineer and 
then only after acceptable temporary utility services have been provided. 


1. Provide a minimum 72-hours' notice to the Engineer and receive written notice to pro- 
ceed before interrupting any utility. 


C. Traffic: Minimize interference with adjoining roads, streets, walks, and other adjacent 
occupied or used facilities during earth moving operations. 


1. Do not close or obstruct streets, walks, or other adjacent occupied or used facilities 
without written permission from the Engineer and authorities having jurisdiction. 

2; Provide alternate routes around closed or obstructed traffic ways if required by the 
Engineer or authorities having jurisdiction. 

3. At least one accessible route shall connect accessible buildings, accessible facilities, 


accessible elements, and accessible spaces that are on the same site. 
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D. 


E. 


F. 


_ 


= 


Improvements on Adjoining Property: Authority for performing earth moving indicated on 
property adjoining Employer’s property will be obtained by the Employer before award of 
Contract. 


1. Do not proceed with work on adjoining property without Engineer’s written approval. 
2. Notify the Engineer not less than two days in advance of the date of commencement of 
work on adjoining property. 


Do not commence earth moving operations until temporary erosion- and sedimentation- 
control measures are in place. 


The following practices are prohibited within protection zones: 


Storage of construction materials, debris, or excavated material. 

Parking vehicles or equipment. 

Foot traffic. 

Erection of sheds or structures. 

Impoundment of water. 

Excavation or other digging unless otherwise indicated. 

Attachment of signs to or wrapping materials around trees or plants unless otherwise 
indicated. 

8. Do not commence earth moving operations until plant protection measures are in place. 


i Nod era ent el 


Do not direct vehicle or equipment exhaust towards protection zones. 
Prohibit heat sources, flames, ignition sources, and smoking within or near protection zones. 


Pollution: Do not foul the atmosphere, any dam reservoir, river, stream, watercourse, or sewer 
and make provision for discharge or disposal from the works or temporary work of water 
waste products and spoil however arising. Requirements of this clause will not limit any of 
the Contractor's statutory obligations or liabilities. 


Pollution: Ascertain any natural or man-made sources of pollution which might deleteriously 
affect ground water, sea water, or air. 


Excavation and fill for buildings and structures shall be constructed or protected so as not to 
endanger life or property. 


PART 2 - PRODUCTS 


2.1 SOIL MATERIALS 

A. General: Provide borrow soil materials when sufficient satisfactory soil materials are not 
available from excavations. 

B. Satisfactory Soils: Soil Classification Groups GW, GP, GM, SW, SP, and SM according to 
ASTM D2487, or a combination of these groups; free of rock or gravel larger than 75 mm in 
any dimension, debris, waste, vegetation, organic, and other deleterious matter. 

1. Liquid Limit: 25% Maximum 
2: Plasticity Index: 6% Maximum. 
3. Organic Matter: 2% Maximum. 
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Ç Unsatisfactory Soils: Soil Classification Groups GC, SC, CL, ML, OL, CH, MH, OH, and PT 
according to ASTM D2487, or a combination of these groups. 


1. Unsatisfactory soils also include satisfactory soils not maintained within 2 percent of 
optimum moisture content at the time of compaction. 
2. Boulders and rock fragments larger than twenty 20 cm in maximum dimension shall 


not be placed in the embankment any closer than sixty 60 cm from the staked top of 
the embankment. 

3. Rocks, broken concrete, and other solid material having a diameter greater than 10 cm 
shall not be placed in an embankment where piling is to be installed by drilling. 


D. Satisfactory Soils for Roadway Construction: AASHTO M 145 soil classification groups A- 
1, A-2-4, A-2-5, and A-3 when confined, or a combination of these group symbols; free of 
debris, waste, vegetation, and other deleterious matter, and conforming with the following 
requirements. When, in exceptional circumstances, soils in the foregoing classification groups 
are not available, soil classification groups A-4, and A-5, or a combination of these group 
symbols may be utilized, subject to compliance with all other specified requirements. 


100% percent passing a 75 mm sieve. 

Plasticity Index PI: Less than 10%. 

Maximum Size: Not more than one third of placement layer thickness. 

Organic Matter: Not more than 2 percent; AASHTO T 267. 

Maximum Dry Density: Not less than 1.7; AASHTO T-180 (Method D). 

4-day soaked CBR: Not less than 15 percent; (AASHTO T 193) when compacted at 
95% max. dry density in accordance with AASHTO T-180 (Method D). 


Spa Pogo 


E. Pipe Bedding Material and Backfilling for Pipe Trenches 


1. Granular Bedding and Backfill materials: Granular bedding shall be composed of nat- 
ural gravel, crushed gravel, or crushed rock, free from dirt, clay, roots, organics, and 
other deleterious materials. Granular bedding according to pipe type, shall conform to 
the drawings. 

2. Sand bedding and initial backfill up to 300 mm minimum above crown of the pipe shall 
be non-plastic, natural well graded sand having hard, strong, durable angular particles. 
It shall be clean and free from extraneous materials, clay balls, organic matter, or other 
detrimental material. The amount of fines passing sieve No. 200 shall not exceed 15%. 

3. Base Course: Naturally or artificially graded mixture of natural or crushed gravel, 
crushed stone, and natural or crushed sand; ASTM D 2940; with at least 95 percent 
passing a (37.5-mm) sieve and not more than 8 percent passing a No. 200 (0.075 -mm) 
sieve. 


F. Engineered Fill: Naturally or artificially graded mixture of natural or crushed gravel, crushed 
stone, and natural or crushed sand; ASTM D2940; with at least 90 percent passing a 37.5 mm 
sieve and not more than 12 percent passing a No. 200 (0.075 mm) sieve and satisfying the 
chemical properties of fill/backfill material. 


G. Bedding Course: Naturally or artificially graded mixture of natural or crushed gravel, crushed 
stone, and natural or crushed sand; ASTM D2940; except with 100 percent passing a 25 mm 
sieve and not more than 8 percent passing a No. 200 (0.075 mm) sieve. 


H. Drainage Course: Narrowly graded mixture of washed crushed stone or crushed or uncrushed 
gravel; ASTM D448; coarse-aggregate grading Size 57; with 100 percent passing a 37.5 mm 
sieve and 0 to 5 percent passing a No. 8 (2.36 mm) sieve. 
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I. Filter material for subsurface drainage: graded mixture of natural or crushed gravel stone with 
100% passing a 25 mm sieve and 0 to 5% passing a No.4 (4.75mm) sieve. 

J. Sand: ASTM C33; fine aggregate. 

K. Impervious Fill: Clayey gravel and sand mixture capable of compacting to a dense state. 

L. Embankment: Satisfactory roadway soil materials. 

M. Impervious Backfill materials for structures: Selected cohesive material with 15% to 100% 
of soil passing a No. 200 (0.075 mm) sieve and 100% passing a 37.5 mm sieve. The cohesive 
material shall have a maximum Liquid Limit of 45% and a maximum Plasticity Index of 25%. 
The material shall be non-aggressive, satisfying the chemical properties of fill/backfill 
material. 

N.  Rockfill: The material used for rockfill embankments shall consist predominantly of rock 
fragments of such size that the material can be placed in layers of the thickness prescribed, 
conforming to the following requirements: 

1. Maximum particle size: 2/3 loose layer thickness. 

2. Passing 0.6 mm (No. 30 Sieve): 25% maximum. 

3. Uniformity coefficient, Cu: 5 minimum. 

4. Point load strength index (Is50) performed according to ASTM D5731 shall be greater 
than 1 MPa. 

5: The wet/dry strength variation shall not be greater than 35%. 

6. Individual pieces are to be neither elongated nor flat, the longest dimension not 
exceeding twice the shortest dimension. At least seventy-five percent (75%) of the 
material shall be greater than 20 cm. 

2.2 GEOTEXTILES 

A. Subsurface Drainage Geotextile: Nonwoven needle-punched geotextile, manufactured for 
subsurface drainage applications, made from polyolefins or polyesters; with elongation 
greater than 50 percent; complying with BS EN 13252 and the following, measured per test 
methods referenced: 

1. Survivability: Class 2; AASHTO M 288. 

2: Grab Tensile Strength: (700 N); ASTM D 4632. 

3. Sewn Seam Strength: (630 N); ASTM D 4632. 

4. Tear Strength: (250 N); ASTM D 4533. 

5. Puncture Strength: (250 N); ASTM D 4833. 

6. Apparent Opening Size: No. 40 (0.425-mm), No. 60 (0.250-mm) or No. 70 (0.212- 
mm) sieve, maximum; ASTM D 4751 and as specified per the Engineer. 

Te Permittivity: 0.5, 0.2 or 0.1 per second, minimum; ASTM D 4491 and as specified per 
the Engineer. 

8. UV Stability: 50 percent after 500 hours' exposure; ASTM D 4355. 

B. Separation Geotextile: Woven geotextile fabric, manufactured for separation applications, 
made from polyolefins or polyesters; with elongation less than 50 percent; complying with 
BS EN 13251 and the following, measured per test methods referenced: 

1. Survivability: Class 2; AASHTO M 288. 

2: Grab Tensile Strength: (1100 N); ASTM D 4632. 
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SIN M PS & 


Sewn Seam Strength: (990 N); ASTM D 4632. 

Tear Strength: (400 N); ASTM D 4533. 

Puncture Strength: (400 N); ASTM D 4833. 

Apparent Opening Size: No. 60 (0.250-mm) sieve, maximum; ASTM D 4751. 
Permittivity: 0.02 per second, minimum; ASTM D 4491. 

UV Stability: 50 percent after 500 hours' exposure; ASTM D 4355. 


Ç: Geotextile: Place and install in accordance with the manufacturer’s written instructions and 
as follows, to the approval of the Engineer. 


1. 


Overlaps shall not, in any case, be less than 25 mm. 

Place bedding layer as soon as possible after placement of the geotextile, in accordance 
with approved methods, to the thickness shown on Drawings. 

Remove and replace any geotextile damaged or punctured either before, during or after 
laying. 


2.3 GEO-MEMBRANE: 


A. | Geo-memberane shall conform to the following requirements: 


1. 


3: 


Gauge (Nominal): 2.0 mm 
Specific Gravity: 1.3 g/cc 


Tensile Properties: 
a. Strength at Break: 155 Ibs/in 
b. Elongation: 450% 
c. Modulus at 100%: 60 Ibs/in + 5% 
4. Peel Strength: 15 lbs/in (minimum) + 5% 
5. Shear Strength: 116 lbs/in (minimum) + 5% 
6. Tear Strength: 15 Ibs/in + 5% 
7. Dimensional Stability: 3% (maximum) 
8. Low temperature Impact: -29°C (-20°F) 
9. Hydrostatic Resistance: 180 psi (minimum) 
10. Water Extraction % Loss: 0.20% (maximum) 
11. Volatile Loss % Loss: 0.5% 
12. Water Vapor Transmission: 5.9 x 10 -9 cm/sec 
B. Store, Place and Install in accordance with the manufacturer's written instructions and as 


approved by the Engineer. 


2.4 CONTROLLED LOW-STRENGTH MATERIAL 


A. — Controlled Low-Strength Material (CLSM): Self-compacting, flowable concrete material 
produced from the following: 


1. Portland Cement: ASTM C150/C150M, Type I or Type II. 
2. Fly Ash: ASTM C618, Class C or F. 
3. Normal-Weight Aggregate: ASTM C33/C33M, 19 mm or 10 mm nominal maximum 
aggregate size. 
4. Foaming Agent: ASTM C869/C869M. 
5. Water: ASTM C94/C94M. 
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2.5 


6. Air-Entraining Admixture: ASTM C260/C260M, if requested by the Engineer. 


Proportion mixture in accordance with ACI 229R to provide controlled low-strength/low 
density material with the following properties: 


1. CLSM shall be designed to achieve a 28-day compressive strength of 690 to 1380 kPa 
when molded, cured, and tested in accordance with ASTM D4832, with no significant 
strength gain after 28 days. 

2. CLSM shall have a Minimum Cementitious Content of 75 kg/m3 

3. A minimum slump of 200mm is required to ensure the proper flowability of the mix 
without segregation. 

4. Maximum Dry Density of CLSM shall not exceed 2000 kg/m3. 

3: The mix shall satisfy all ACI 229R standard requirements with respect to density, 
segregation, subsidence, flowability, and hardening. 

6. A mix design and trial mix test results (density, strength, consistency, etc) should be 
submitted to the Engineer’s approval prior to construction. 

7. Mixing and transporting should follow the requirements of ACI 229R and ACI 304. 

8. For backfilling behind retaining walls, consideration should be given to the lateral 
pressures exerted on the wall by flowable CLSM. CLSM should be placed in 30cm 
thick layers allowing each layer to harden prior to placing the next layer for the review 
and approval of the Engineer. 

9. Soil backfill shall not be placed until the CLSM has reached the initial set. 

10. Protect freshly placed concrete from premature drying and excessive cold or hot 
temperatures. Comply with recommendations in ACI 305R for hot-weather protection 
during curing. 

11. The CLSM shall not be subject to loads and shall remain undisturbed by construction 
activities for a period of 48 hours or until a compressive strength of 105 kPa is obtained. 


ACCESSORIES 


Warning Tape: Acid- and alkali-resistant, polyethylene film warning tape manufactured for 
marking and identifying underground utilities, 150 mm wide and 0.1 mm thick, continuously 
inscribed with a description of the utility; colored as follows: 


Red: Electric. 

Yellow: Gas, oil, steam, and dangerous materials. 
Orange: Telephone and other communications. 
Blue: Water systems. 

Green: Sewer systems. 


PPOR = 


Detectable Warning Tape: Acid- and alkali-resistant, polyethylene film warning tape 
manufactured for marking and identifying underground utilities, a minimum of 150 mm wide 
and 0.1 mm thick, continuously inscribed with a description of the utility, with metallic core 
encased in a protective jacket for corrosion protection, detectable by a metal detector when 
the tape is buried up to 750 mm deep; colored as follows: 


1. Red: Electric. 
2. Yellow: Gas, oil, steam, and dangerous materials. 
3. Orange: Telephone and other communications. 
4. Blue: Water systems. 
5; Green: Sewer systems. 
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2.6 


A. 


B. 


C 


MATERIALS FOR STONE PITCHING 


Stone for pitching shall be hard, sound, durable stones as approved by the Engineer. Samples 
for the stone to be used shall be submitted to and approved by the Engineer before any stone 
is placed. 


Tests for specific gravity and absorption shall be determined in accordance with AASHTO 
T85. The minimum apparent specific gravity shall be two and five-tenths (2.5), and the max- 
imum absorption shall be three (3) percent. The stone shall not have an abrasion loss greater 
than forty-five (45) percent when subjected to five hundred (500) revolutions in a Los Angeles 
Abrasion Machine in accordance with ASTM C 131/131M. 


The size and shape of the stones shall be as per the requirement of maximum flow in the river 
and to allow for proper placement. The widths of the stone shall not be less than one and one- 
half (1.5) times their respective thickness and lengths of not less than two (2) times their 
respective widths. The minimum width shall be 100mm. 


PART 3 - EXECUTION 


3.1 


A. 


PREPARATION 


Shore, support, and protect buildings, structures, utilities, sidewalks, pavements, and other 
facilities, on or adjacent to the Project site, from damage caused by settlement, lateral move- 
ment, undermining, washout, and other hazards created by earthwork operations. 


Protect the environment from construction debris. Put in place temporary protection measures 
prior to carrying out excavation works. 


Provide erosion-control measures to prevent erosion or displacement of soils and discharge 
of soil-bearing water runoff or airborne dust to adjacent buildings, roads, and walkways. 


Remove temporary protection before placing subsequent materials. 


Adjoining public and private property shall be protected from damage during construction, 
remodeling, and demolition work. Protection shall be provided for footings, foundations, 
party walls, chimneys, skylights, and roofs. Provisions shall be made to control water runoff 
and erosion during construction or demolition activities. 


No fill or other surcharge loads shall be placed adjacent to any building or structure unless 
such building or structure is capable of withstanding the additional loads caused by the fill or 
surcharge. 


Existing footings or foundations that can be affected by any excavation shall be underpinned 
adequately or otherwise protected against settlement and shall be protected against lateral 
movement. 


Preparation of subgrade for earthwork operations including removal of vegetation, topsoil, 
debris, obstructions, and deleterious materials from ground surface. 
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3.2 


DEWATERING 


Provide dewatering system of sufficient scope, size, and capacity to control hydrostatic 
pressures and to lower, control, remove, and dispose of ground water and permit excavation 
and construction to proceed on dry, stable subgrades, to the Engineer’s approval. 


Full detailed Method statement should be submitted prior to commencement; the method 
statement should be approved by the engineer. 


Dewatering Performance: Design, provide, test, operate, monitor, and maintain a dewatering 
system of sufficient scope, size, and capacity to control groundwater flow into excavations 
and permit construction to proceed on dry, stable subgrades. 


1. Work includes removing dewatering system when no longer needed. 

2 Maintain dewatering operations to ensure erosion is controlled, stability of excavations 
and constructed slopes is maintained, and flooding of excavation and damage to 
structures are prevented. 


3. Prevent surface water from entering excavations by grading, dikes, or other means. 

4. Undertake all necessary temporary works to accomplish dewatering without damaging 
existing buildings, structures, utilities, and site improvements adjacent to the 
excavation. 

5. Remove dewatering system when no longer required for construction. 


6. The Contractor should carry out aquifer tests to determine the hydrogeology of the 
existing substrata as instructed by the Engineer. 

7. Seepage into the excavation, which allows migration of soil particles, shall not be 
allowed. Immediate correction of the operations shall be made if loss of ground results 
from seepage, such that further loss of ground is prevented and the original state of the 
ground is reinstated. 

8. Promptly repair damages to adjacent facilities caused by dewatering. 


Prior to excavation below groundwater level, place dewatering system into operation to lower 
and maintain the specified water levels for a 24-hour period and then operate it continuously 
24 hours a day, 7 days a week until drains, sewers, and structures have been constructed, 
including placement of fill materials, and until written authorization to cease dewatering is 
received from the Engineer. 


Control of all surface and subsurface water resulting from operations. Dispose of water 
removed from excavations in a manner to avoid endangering public health, property, and 
portions of work under construction or completed. Dispose of water in a manner to avoid 
inconvenience to others in a manner approved by the Engineer. 


Provide standby equipment on the Project site, installed and available, for immediate 
operation if required to maintain dewatering on a continuous basis in the event that any part 
of the system becomes inadequate or fails. If dewatering requirements are not satisfied due 
to inadequacy or failure of the dewatering system, perform such work as may be required to 
restore damaged structures and foundation soils at no additional expense. 


Provide an adequate system to lower and control ground water to permit excavation, 
construction of structures, and placement of fill materials on dry subgrades. Install sufficient 
dewatering equipment to drain water-bearing strata above and below the bottom of 
foundations, drains, sewers, and other excavations. 


1. Do not permit open-sump pumping that leads to loss of fines, soil piping, subgrade 
softening, and slope instability. 
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3.3 


3.4 


Dispose of water removed from excavations in a manner to avoid endangering public health, 
property, and portions of work under construction or completed. Dispose of water in a manner 
to avoid inconvenience to others. Provide sumps, sedimentation tanks, and other flow-control 
devices acceptable to the Engineer and as required by authorities having jurisdiction. 


Remove dewatering system from Project site on completion of dewatering. Plug or fill well 
holes with sand or other acceptable material, or cut off and cap wells a minimum of 900 mm 
below overlying construction. 


Damages: Promptly repair and restore to original condition, any damages to adjacent 
structures, utilities, sidewalks, pavements, and other facilities on or adjacent to the site, caused 
by dewatering operations, to the satisfaction of the Engineer. 


Prevent surface water and ground water from entering excavations, from ponding on prepared 
subgrades, and from flooding Project site and surrounding area. 


Design and construct temporary cofferdams for the execution of works under water; 
coordinate with dams’ operators and authorities for safe operating water levels of the dam 
reservoir. 


Protect subgrades from softening, undermining, washout, and damage by rain or water 
accumulation. 


1. Reroute surface water runoff away from excavated areas. Do not allow water to 
accumulate in excavations. Do not use excavated trenches as temporary drainage 
ditches. 

2. Install a dewatering system to keep subgrades dry and convey ground water away from 
excavations. Maintain until dewatering is no longer required. 

3. Do not stop dewatering before informing the Engineer and obtaining his approval. 


EXPLOSIVES 


Explosives: Do not use explosives. 


EXCAVATION SUPPORT AND PROTECTION 


Design, provide, install, monitor, and maintain at the Contractor’s sole risk and responsibility, 
excavation support and protection systems capable of resisting soil and hydrostatic pressure 
and supporting sidewalls of excavations. 


1. Work includes removing when no longer needed. 
De Install and remove without damaging existing structures, utilities, pavements, and 
other facilities adjacent to excavations. 


Install excavation support and protection systems as excavation works proceed, in a manner 
acceptable to the Engineer. 


1. Locate clear of permanent construction to permit access for subsequent construction 
operations and inspections. 
2. Trim excavation as required and fill voids behind with soil, and compact. 


Monitor ground deformations during works. The monitoring system shall include, but not be 
limited to, inclinometers, extensometers, piezometers, and surveying of surface points. 
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D. Submit the monitoring devices calibration certificates, methods statements of installation, 
drawings, and frequencies to the Engineer for approval. 


E. Submit threshold limits for the ground deformations and the corresponding action plans to be 
taken by the Contractor to prevent any distresses to the slopes, the existing buildings, and 
utilities and protect works and workers. 


F. Promptly correct bulges, breakage, or other evidence of movement to ensure excavation sup- 
port and protection remain stable. 


G. Remove excavation support and protection systems when construction has progressed suffi- 
ciently. Remove in stages to avoid disturbing underlying soils and damaging adjacent struc- 
tures, utilities, pavements, and other facilities. 


H. Promptly repair or replace as directed and approved by the Engineer, adjacent work, struc- 
tures, utilities, pavements, and other facilities, damaged or displaced by installing or removing 
excavation support and protection systems. 


3.5 EXCAVATION, GENERAL 


A. Unclassified Excavation: Excavate to subgrade elevations with due considerations to the 
character of surface and subsurface conditions encountered. Unclassified excavated materials 
may include rock, soil materials, and obstructions. No changes in the Contract Sum or the 
Contract Time will be authorized for rock excavation or removal of obstructions. 


1. If excavated materials intended for backfill, fill, embankment, or subgrade layer include 
unsatisfactory soil materials and rock, remove these materials, replace with satisfactory 
soil materials, as applicable. 

23 Excavation includes excavating pavements and obstructions visible on surface; under- 
ground structures, utilities, and other encountered items indicated or directed to be re- 
moved; together with other materials not classified as unauthorized excavation; includ- 
ing intermittent drilling, blasting if permitted, ram hammering, ripping and other ac- 
ceptable means and methods. 


3. Excavation includes removal and disposal of unsatisfactory soils and any surplus satis- 
factory soils after obtaining written permission from the Engineer. 

4. All excavated slopes, subgrade, and ditches shall be finished true to lines, grades and 
cross sections as shown on drawings. 

5. Cut slopes for permanent excavations shall be stable. Cut slopes shall be permitted only 


upon the presentation of a soil investigation report acceptable to the building official 
and as approved by the Engineer. 


B. Reuse of Excavated Material: 


1. The Contractor shall ensure that the re-use of existing excavated material in grading 
works and embankment construction is compliant with the classification requirements 
for suitable fill material as stipulated in the Specifications. 

2. The Contractor may utilize parts of the material that are classified unsuitable due to 
their large size (such as in the case of boulders) or high fines content after proper treat- 
ment of these materials, which may comprise crushing, grading, mixing, and/or wash- 
ing etc. 

3. The Contractor shall test all excavated material to prove compliance with contract spec- 
ification requirements prior to its incorporation in planned earthworks. 
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3.6 


3.7 


3.8 


Unstable Materials Outside the Limit of Work: Materials outside the Limit of Work or ditch 
slopes which, in the opinion of the Engineer, are potentially unstable and liable to slide or 
encroach into the Limit of Work or into the ditches, shall be excavated and disposed of as 
agreed with the Engineer. 


Excavations for any purposes shall not reduce lateral support from any adjacent foundation 
without first underpinning or protecting the foundation against the detrimental lateral or 
vertical movement, or both. 


EXCAVATION FOR STRUCTURES 


Excavate to indicated elevations and dimensions within a tolerance of plus or minus 25 mm. 
If applicable, extend excavations a sufficient distance from structures for placing and 
removing concrete formwork, for installing services and other construction, and for 
inspections. 


1. Excavations for Footings and Foundations: Do not disturb bottom of excavation. 
Excavate by hand to final grade just before placing concrete reinforcement. Trim 
bottoms to required lines and grades to leave solid base to receive other work. 

2. Pile Foundations: Stop excavations (50 to 300 mm above the bottom of pile cap before 
piles are placed. After piles have been driven, remove loose and displaced material. 
Excavate to final grade, leaving a solid base to receive concrete pile caps. 

3. Excavation for Underground Tanks, Basins, and Mechanical or Electrical Utility 
Structures: Excavate to elevations and dimensions indicated within a plus or minus 25 
mm tolerance. Do not disturb the bottom of excavations intended as bearing surfaces. 


4. The Contractor must notify the Engineer of any sign of failure or cracks within or 
around the excavation immediately when such signs are noticed. 
5. When unstable materials or other unsatisfactory soil is encountered below foundation 


elevation, the Contractor shall excavate such material and replace it with satisfactory 
backfill materials or concrete as directed by the Engineer. 


Excavations at Edges of Tree- and Plant-Protection Zones: 

1. Excavate by hand to indicated lines, cross sections, elevations, and subgrades. Use 
narrow-tine spading forks to comb soil and expose roots. Do not break, tear, or chop 
exposed roots. Do not use mechanical equipment that rips, tears, or pulls roots. 

EXCAVATION FOR WALKS AND PAVEMENTS 

Excavate surfaces under walks and pavements to indicated lines, cross sections, elevations, 

and subgrades. 

EXCAVATION FOR UTILITY TRENCHES 

Excavate trenches to the indicated gradients, lines, depths, and elevations. 

Excavate trenches to uniform widths to provide the following clearance on each side of pipe 

or conduit. Excavate trench walls vertically from trench bottom to 300 mm higher than top 


of pipe or conduit unless otherwise indicated. 


1. Clearance: As indicated. 
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3.9 


Unless otherwise indicated on the Drawings, trench widths up to 300mm above the crown 
pipe shall not exceed the following: 


1. For pipes over 65mm and not exceeding 600mm diameter: nominal diameter + 500mm. 
2 For pipes over 600mm diameter: nominal diameter + 1000mm. 


Trench Bottoms: Excavate and shape trench bottoms to provide uniform bearing and support 
of pipes and conduit. Shape subgrade to provide continuous support for bells, joints, and 
barrels of pipes and for joints, fittings, and bodies of conduits. Remove projecting stones and 
sharp objects along the trench subgrade. 


1. For pipes and conduit less than 150 mm in nominal diameter, hand-excavate trench 
bottoms and support pipe and conduit on an undisturbed subgrade. 

2. For pipes and conduit 150 mm or larger in nominal diameter, shape bottom of trench 
to support bottom 90 degrees of pipe or conduit circumference. Fill depressions with 
tamped sand backfill. 

3. For flat-bottomed, multiple-duct conduit units, hand-excavate trench bottoms and 


support conduit on an undisturbed subgrade. 


Trench Bottoms: Excavate trenches 100 mm deeper than the bottom of pipe and conduit 
elevations to allow for bedding course. Hand-excavate deeper for bells of pipe. 


1, Excavate trenches 150 mm deeper than elevation required in rock or other unyielding 
bearing material to allow for bedding course. 


Pits and trenches shall be kept free from water until footing concrete has been placed or pipes 
have been installed. The Contractor shall minimize, to the maximum extent practicable, the 
length of time excavated areas are open. The Contractor will be held responsible for damage 
due to weather, equipment, and other causes during periods when the excavations are left 
open. 


Foundation material supporting the bedding structure shall be compacted to 95% AASHTO 
T-180 (Method D) maximum density. 

SUBGRADE INSPECTION 

Notify the Engineer when excavations have reached the required subgrade. 


If the Engineer determines that unsatisfactory soil is present, continue excavation and replace 
with compacted backfill or fill material as directed. 


Proof-roll subgrade below the building slabs and pavements with a pneumatic-tired tandem- 
axle dump truck weighing not less than 13.6 tonnes to identify soft pockets and areas of excess 
yielding. Do not proof-roll wet or saturated subgrades or rocks. 


1. Completely proof-roll subgrade in one direction repeating proof-rolling in direction 
perpendicular to first direction. Limit vehicle speed to 5 km/h. 
2. Excavate soft spots, unsatisfactory soils, and areas of excessive pumping or rutting, as 


determined by the Engineer, and replace with compacted backfill or fill as directed. 


Authorized additional excavation and replacement material will be paid for according to 
Contract provisions and method of measurements. 
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3.10 


3.11 


3.12 


Reconstruct subgrades damaged by rain, accumulated water, or construction activities, as 
directed by the Engineer, without additional compensation. 


UNAUTHORIZED EXCAVATION 


Fill unauthorized excavation under foundations or wall footings by extending bottom 
elevation of concrete foundation or footing to excavation bottom, without altering top 
elevation. Lean concrete fill or cyclopean concrete, with 28-day compressive strength on 
cylinder of 20 MPa and satisfying the requirements of Specification Section 033000 "Cast- 
in-Place Concrete", may be used when approved by the Engineer. 


1. Fill unauthorized excavations under other construction, pipe, or conduit as directed by 
the Engineer. 

2y The cost and expense associated with the unauthorized excavation and replacement 
materials shall be borne by the Contractor. 


BACKFILL 
Place and compact backfill in excavations promptly, but not before completing the following: 


1. Construction below finish grade including, where applicable, subdrainage, 
dampproofing, waterproofing, and perimeter insulation. 

Surveying locations of underground utilities for Record Documents. 

Testing and inspecting underground utilities. 

Removing concrete formwork. 

Removing trash and debris. 

Removing temporary shoring and bracing, and sheeting. 

Installing permanent or temporary horizontal bracing on horizontally supported walls. 
Obtaining the Engineer's approval to backfill. 


BOON oP ND. 


Place backfill on subgrades free of mud, organic material, construction debris, cobbles and 
boulders or excessive moisture content. 


Backfill shall be placed in lifts and compacted, in a manner that does not damage the 
foundation or the waterproofing or damp proofing material. Special inspections of compacted 
fill shall be applied. 


UTILITY TRENCH BACKFILL 
Place backfill on subgrades free of mud or excessive moisture content. 


Place and compact bedding course on trench bottoms and where indicated. Shape bedding 
course to provide continuous support for bells, joints, and barrels of pipes and for joints, 
fittings, and bodies of conduits. 


Trenches under Footings: Backfill trenches excavated under footings and within 450 mm of 
the bottom of footings with satisfactory soil; fill with concrete to the elevation of the bottom 
of footings. Concrete is specified in Section 033000 "Cast-in-Place Concrete". 


Trenches under Roadways: Provide 100-mm thick, concrete-base slab support for piping or 
conduit less than 750 mm below surface of roadways and vehicular pavement. After installing 
and testing, completely encase piping or conduit in a minimum of 100 mm of concrete before 
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backfilling or placing roadway subbase course. Concrete is specified in Section 033000 
"Cast-in-Place Concrete". The final concrete base support and/or encasement dimensions 
associated with the various utilities shall follow the relevant details shown on the design 
drawings. 


E. Backfill voids with satisfactory soil while removing shoring and bracing. 

F. Place and compact initial backfill of satisfactory soil, free of particles larger than 25 mm in 
any dimension, to a height of 300 mm over the pipe or conduit. 

1. Carefully compact initial backfill under pipe haunches and compact evenly up on both 
sides and along the full length of piping or conduit to avoid damage or displacement of 
piping or conduit. Coordinate backfilling with utilities testing. 

G. — Controlled Low-Strength Material: Place initial backfill of controlled low-strength material 
to a height of 300 mm over the pipe or conduit. Coordinate backfilling with utilities testing. 

H. Place and compact final backfill of satisfactory soil to final subgrade elevation. 

I. Controlled Low-Strength Material: Place final backfill of controlled low-strength material to 
final subgrade elevation. 

J. Install warning tape directly above utilities, 300 mm below finished grade, except 150 mm 
below subgrade under pavements and slabs. 

3.13 SOIL FILL 

A. Preparation: Remove vegetation, topsoil, debris, unsatisfactory soil materials, obstructions, 
and deleterious materials from the ground surface before placing fill and embankment 
material. 

B. Plow, scarify, bench, or break up sloped surfaces steeper than 1 vertical to 4 horizontal so fill 
material will bond with existing material. 

C. Place and compact fill material in layers to required elevations as follows: 

1. Under walks and pavements, use satisfactory soil material. 

2. Under footings and foundations, use engineered fill. 

3. Under building slabs, ramps, and steps, use engineered fill. 

4. Under lawns and planted areas, use satisfactory soil material. 

D. Place soil fill on subgrades free of mud or excess water. 

E. Do not use salt and/or aggressive water (whether it is ground water or from any other salty 
water source) in the compaction of the top 400mm of the fill material or in the compaction of 
the engineering fill, fill/backfill and pavement layers. The water for use in the compaction 
works shall have a maximum water-soluble chloride content of 500ppm and maximum water- 
soluble sulphates (S04) of 1000 ppm. 
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3.14 


3.15 


3.16 


SOIL MOISTURE CONTROL 


Uniformly moisten or aerate subgrade and each subsequent fill or backfill soil layer before 
compaction to within 2 percent of optimum moisture content. 


1. Do not place backfill or fill soil material on surfaces that are muddy or contain excess 
water. 

2: Remove and replace, or scarify, and air dry, otherwise satisfactory soil material that 
exceeds optimum moisture content by 2 percent and is too wet to compact to the 
specified dry unit weight. 

3. Jetting or fills or other hydraulic methods involving or likely to involve liquid or semi- 
liquid pressure will not be permitted. 


COMPACTION OF SOIL BACKFILLS AND FILLS 


Place backfill and fill soil materials in layers ranging from 150mm to 250mm in loose depth 
for material compacted by heavy compaction equipment, and not more than 100 mm in loose 
depth for material compacted by hand-operated tampers. 


Place backfill and fill soil materials evenly on all sides of structures to required elevations and 
uniformly along the full length of each structure. 


Compact soil materials to not less than the following percentages of maximum dry unit weight 
according to ASTM D1557: 


1. Under pavements, scarify and recompact the top 300 mm of existing subgrade to 100 
percent and each layer of fill/embankment soil material underneath the top 300 mm at 
100 percent. 

2. Under structures, building slabs, and steps, scarify and recompact each layer of backfill 
or fill soil material at 95 percent. 

3. Under turf, lawns, or unpaved areas, scarify and recompact top 150 mm below subgrade 
and compact each layer of backfill or fill soil material at 85 percent. 

4. For utility trenches, compact each layer of initial and final backfill soil material at 95 
percent. 


No rock or similar irreducible material with a maximum dimension greater than 300 mm shall 
be buried or placed infills within 1.5 m, measured vertically, from the bottom of the 
foundation or lowest finished floor elevation, whichever is lower, within the building pad. 


ROCKFILL 


During construction of the proposed rockfill embankment, the embankment slope facing/sur- 
face shall be constructed with larger size boulders to enhance the long-term durability of the 
slope face and minimize the risk of erosion. 


Rockfill material shall be obtained from roadway, underground structures excavation or 
quarry and shall be sound, dense, hard, and durable rock capable of being placed and 
compacted as specified. Individual pieces are to be clean and angular. It shall be the 
Contractors responsibility to excavate material from rock cuts, whether by blasting or another 
manner, so that all excavated materials are of suitable size; large size materials will not be 
paid for as waste, but shall be disposed of in an approved manner without additional 
compensation. 
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Ç: The maximum permitted layer thickness shall be related to the unit weight of the vibratory 
roller used for compaction and shall not exceed one hundred 100 cm loose measurement as 
Table 1. 


Table 1: Vibratory roller used for compaction 


Maximum Thickness of Layer (Loose Meas- Minimum Roller Mass on Drum (kilo- 
urement) Centimeters gram/unit width, ) 
40 2300-2900 
60 2900-3600 
80 3600-4300 
100 4300-5000 
D.  Rockfill materials shall be placed in such a manner that the larger rocks are well distributed, 


and the voids are filled to the maximum practical extent by smaller particles; each layer shall 
be bladed into a neat and homogenous mass prior to compaction. Any rocks found protruding 
from the leveled surface shall be removed and replaced in by smaller particles. Initial 
breakdown compaction shall be performed with heavy bulldozers. After compaction, each 
layer must be approved by the Engineer before the next layer is placed. 


E. Depending on the type of rockfill material, water may be added as required and approved by 
the Engineer to achieve maximum compaction. 


F. Rockfill shall not be used in the top 60 cm of the embankment (below the bottom of the 
subgrade), nor shall it be used within five 5 m of a structural element (next to footings, 
basement, or any buried structures etc.). The side slopes of rockfill embankments shall be 
thoroughly blanketed with A-2-4 or better material placed perpendicular to the slope in twenty 
20 cm thickness and compacted to 95 percent of their maximum dry density to seal the surface. 


G. — Rockfill shall not be used for sixty 60 cm on top and bottom of Box and Pipe Culverts. 
Subgrade or trench backfill material compacted to 95 percent of their maximum dry density. 


H. Compaction for Rockfill: 


1. The Contractor shall be required to conduct compaction tests using equipment and 
materials available in the presence of the Engineer to develop compaction control 
criteria. To conduct compaction control, test the following steps shall be followed: 


a. A rockfill test section shall be placed on a firm surface approved by the Engineer, 
the material and layer thickness conforming to the requirements in Paragraph 
2.1-L and Table 1. 

b. The test section shall be of sufficient dimensions to permit the establishment of 
at least 20 leveling points on a5 x 5 m square grid, and no fewer than 3 points 
on any line, and no point less than 3 m from the edge of the layer. 

c. Compaction shall then commence with a minimum of three passes of a vibratory 
roller conforming to the requirements of Table 1; leveling points are then 
established. Short lengths of painted steel bars hammered flush with the surface 
of the rockfill have been found suitable for this purpose. A level reading is taken 
at each leveling point on top of a moveable thirty (30) centimeters square flat 
steel plate. A hole drilled in the center of the plate will enable a visual check to 
be made that the plate is located centrally over the bar each time. 

d. Further readings are then taken at the leveling points. After two (2) additional 
passes with the roller, if the average settlement is less than one percent (1 %) of 
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3.17 


the average compacted layer thickness, or as determined by the Engineer, the 
rockfill compaction test is completed. 

e. If the average settlement is more than one percent (1 %), two (2) additional 
passes of the roller are required, and the leveling procedure is repeated. If the 
average settlement is now less than one percent (1 %), the test is completed. If 
not, this step is then repeated. 

f. The total number of passes of the rolling equipment necessary to obtain the 
required result will establish the minimum number of passes to be used on the 
rock embankments. The Contractor shall then use this verified procedure, that 
is, the equipment, rolling pattern, and the number of passes, during the 
construction of rock embankments. However, in no case shall the number of 
passes be less than five (5). 

g. Special Provisions for Other Rollers. When special heavy rollers are used, the 
loose thickness of the layer may be increased when approved by the Engineer as 
long as ninety percent (95%) relative compaction or seventy percent (75%) of 
relative density is achieved. 


Preparation of Natural Ground: 


1. 


All surfaces to receive rockfill are to be prepared prior to placing of the first lift, the 
base of the embankment shall be inspected and cleared of any soft spots, weak silty, 
sandy, or clay lenses, rock fragments, or any other weak/inferior materials exposed at 
the base of the planned embankment. 

Soil surfaces are to be scarified and recompacted to at least one hundred percent (100%) 
of maximum dry density as determined by AASHTO T180 (Method D.) Compaction 
is to be to a depth of at least fifty (50) cm below ground surface. Hard or smooth 
surfaces are to be roughened before filling is placed. Existing road surfaces and the 
like are to be broken up and removed. 


SUBGRADE LAYER FOR ROADWAY CONSTRUCTION 


Subgrade in Cut: 


1. 


Where the subgrade is located in rock, the subgrade, unless shown otherwise on the 
Drawings, shall be undercut to a depth of 300 mm by drilling or as directed. No rock 
shall project more than 50 mm above the undercut surface elevation. The 300mm sub- 
grade layer shall then be constructed in two 2 lifts having 150mm compacted thickness 
each using approved subgrade material. 

Where the subgrade is on in situ soil which is of a quality and CBR value at least equal 
to those specified for subgrade, the 300 mm depth of such material immediately below 
top of subgrade shall be scarified and all roots, sod, vegetable and other undesirable 
matter and stones larger than 75 mm in any dimension shall be removed. The material 
shall then be brought to uniform moisture content within the specified range and com- 
pacted to 100% for major roads and 95% for minor and service roads, AASHTO T 180 
(Method D) maximum density. The compaction shall be done in two (2) lifts having 
150mm compacted thickness each. 

Where the subgrade (under the roadways and vehicular pavements) is on in situ soil 
which is unsatisfactory and unsuitable for retention as the subgrade layer, such material 
immediately below the top of subgrade layer shall be sub-excavated to a depth of 300 
mm, hauled away and disposed of unless approved for use as embankment fill. The 
subgrade layer shall then be constructed in two 2 lifts 150mm compacted thickness 
each, and using approved subgrade material, brought to uniform moisture content 
within the specified range and compacted as specified to AASHTO T 180 (Method D) 
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maximum density. If the material below subgrade does not satisfy the requirement of 
top 600mm embankment, it shall be excavated for further 300mm and replaced by suit- 
able material to satisfy the requirements of subgrade. 

4. The underlying natural material shall be scarified, leveled and rolled. The surface of 
the natural soil shall be approved by the Engineer before placement of suitable material. 


B. Subgrade in Embankment: The 300 mm minimum depth of embankment immediately below 
top of subgrade shall consist of selected, approved subgrade material. The material shall be 
spread in two layers 150 mm each over the full width of the top of embankment, brought to a 
uniform moisture content within the specified range and compacted to 100% for major roads 
and 95% for minor and service roads to AASHTO T 180 (Method D) maximum density. 


C. Surface Tolerances: 


1. All finished elevations, lines and grades shall be in accordance with the details shown 
on the Drawings. Each cross section shall be checked at maximum intervals of 25 m, 
at each change in cross slope and elsewhere as directed. 

2: The tolerances on elevations of finished subgrade, top of embankment under the sub- 
grade layer and subexcavated (undercut) surface shall be as follows: 


Table 2: Tolerances on elevations of finished subgrade 


Surface Tolerances 
Finished Subgrade: Soil +10 or -15 mm 
Finished Subgrade: Rock (if approved) Top of Em- | +50 or -50 mm 
bankment or Sub-excavated Surface: 
Top of Embankment or Sub-excavated Surface: Soil | +10 or -15mm 


3. When the finished subgrade surface is tested with a 3.7 m long straightedge placed 
parallel to, or at right angles to the centerline, the maximum depression of the surface 
from the testing by straight edge shall be 12 mm. 


D. Maintenance of Finished Subgrade: The finished and approved subgrade shall be continu- 
ously maintained in a smooth, well compacted and properly drained condition until the sub- 
base (or base) course is constructed. Reapproval of the subgrade will be required if the over- 
lying course is not constructed within 14 days of subgrade completion or if the subgrade layer 
is damaged by traffic or any other causes prior to the placement of the sub-base layer. 


3.18 FREQUENCY OF TESTING FOR EMBANKMENT AND SUBGRADE LAYER FOR 
ROADWAY CONSTRUCTION 


A. Minimum soil tests required during the construction of subgrade and/or embankment are: 


1. One sample for CBR, and laboratory (Moisture - density) or relative density compac- 
tion from each source prior to use. Each sample shall represent not more than 5,000m‘°. 
2; One sample for classification (AASHTO M145) representing not more than 3,000m° 
of the material in use. 
For every completed layer/lift, one field density shall be determined every 500 m’. 
Testing shall be in accordance with ASTM D1556 (Sand Cone Method) or ASTM 
D2167 (Rubber Balloon Method) or ASTM D6938 (Nuclear Method). 


EARTH MOVING 312000 - Page 22 of 26 
P21161/4309-04-TD-SPC-15A-GE-01 REV 0 


RFP — Karachi Mobility Project (Yellow BRT) — PK-SMTA-334960-CW-RFP 
Procurement of Package - 4: NEW JAM SADIQ BRIDGE (Yellow Corridor Segment 3) 
Volume (2): Part (B) Specifications (2 of 2) - 312000 - Earth Moving 


3.19 


3.20 


GRADING 


General: Uniformly grade areas to a smooth surface, free of irregular surface changes. 
Comply with compaction requirements and grade to cross sections, lines, and elevations 
indicated. 


1. Provide a smooth transition between adjacent existing grades and new grades. 
2: Cut out soft spots, fill low spots, and trim high spots to comply with required surface 
tolerances. 


Site Rough Grading: Slope grades to direct water away from buildings and to prevent 
ponding. Finish subgrades to required elevations within the following tolerances: 


1. Turf or Unpaved Areas: Plus or minus 25 mm. 
2. Walks: Plus or minus 25 mm 
3. Pavements: Plus or minus 13 mm. 


Grading inside Building Lines: Finish subgrade to a tolerance of 13 mm when tested with a 
3-m straightedge. 


Grading shall not be commenced without first having obtained a permit from the relevant 
authorities. 


SUBSURFACE DRAINAGE 


PVC Pipes and Fittings for Gravity Application: AWWA C900, Class 100, or DIN 8062, 
Class 6 kg/cm?2. 


Perforated Plastic Pipes: Subsurface drainage pipes shall be perforated plastic pipe 
conforming to DIN 8051 Class 10 Kg/cm2 or equivalent. Perforations shall be circular holes. 
Different filter requirements shall apply to each type of perforation. 


Circular perforations shall be 5 mm in diameter arranged symmetrically in a minimum of 4 
rows parallel to the axis of the pipe. All rows shall be in the lower half of the pipe unless 
otherwise specified on drawings, but no row shall be closer than 36 degrees to the invert. 
Perforations in each row shall be at a maximum distance of 100 mm center to center. 


Subsurface Drain: Place a 100 mm course of drainage trench material (filter material for 
subsurface drainage) on drainage fabric to support drainage pipe. Encase drainage pipe in 
drainage trench material with the dimensions shown in the drawing and wrap in drainage 
fabric, overlapping sides and ends at least 150 mm. 


1. Compact each course of filter material to 95 percent of maximum dry density according 
to ASTM D 698. 


Drainage Backfill: Place and compact filter material over subsurface drain, in width 
indicated, to within 300 mm of final subgrade, in compacted layers 150 mm thick. Overlay 
drainage backfill with one layer of subsurface drainage geotextile, overlapping sides, and ends 
at least 150 mm. 


1. Compact each filter material layer to 95 percent of maximum dry unit weight according 
to ASTM D 698 with a minimum of two passes of a plate-type vibratory compactor. 


EARTH MOVING 312000 - Page 23 of 26 
P21161/4309-04-TD-SPC-15A-GE-01 REV 0 


RFP — Karachi Mobility Project (Yellow BRT) — PK-SMTA-334960-CW-RFP 
Procurement of Package - 4: NEW JAM SADIQ BRIDGE (Yellow Corridor Segment 3) 
Volume (2): Part (B) Specifications (2 of 2) - 312000 - Earth Moving 


3.21 


3.22 


2: Place and compact impervious fill over drainage backfill in 150-mm thick compacted 
layers to final subgrade. 


Piezometers: Piezometers will be 50mm nominal diameter PVC pipe, with a depth 10m from 
the ground surface. The whole length of the piezometer pipe should be perforated and 
surrounded with a gravel pack, except the first 1m from the ground surface. 


Manboles, flap valves, and cleanouts are specified in “Storm Drainage Specifications” 


DRAINAGE COURSE UNDER CONCRETE SLABS-ON-GRADE 
Place drainage course on subgrades free of mud or excessive water. 


On prepared subgrade, place and compact drainage course under cast-in-place concrete slabs- 
on-grade as follows: 


1. Install subdrainage geotextile on prepared subgrade according to manufacturer's 
written instructions, overlapping sides and ends. 

2: Place drainage course 150 mm or less in compacted thickness in a single layer. 

3. Place drainage course that exceeds 150 mm in compacted thickness in layers of equal 
thickness, with no compacted layer more than 150 mm thick or less than 75 mm thick. 

4. Compact each layer of drainage course to required cross sections and thicknesses to not 
less than 95 percent of maximum dry unit weight according to ASTM D 698. 


FIELD QUALITY CONTROL 


Special Inspections: The Contractor will engage a qualified special inspector, approved by 
the Engineer, to perform the following special inspections: 


1. Determine prior to placement of fill that site has been prepared in compliance with 
requirements. 

2. Determine that fill material and maximum lift thickness comply with requirements. 

3. Determine, at the required frequency, that in-place density of compacted fill complies 
with requirements. 


Testing Agency: The Contractor will engage a qualified geotechnical engineering testing 
agency, approved by the Engineer to perform tests and inspections. 


Allow the testing agency to inspect and test subgrades and each fill or backfill layer. Proceed 
with subsequent earth moving only after test results for previously completed work comply 
with requirements. 


Footing Subgrade: At footing subgrades, at least one test of each soil stratum will be 
performed to verify design bearing capacities. Subsequent verification and approval of other 
footing subgrades may be based on a visual comparison of the subgrade with tested subgrade 
when approved by the Engineer. 
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E. Testing agency will test compaction of soils in place according to ASTM D1556, 
ASTM D2167, ASTM D6938, ASTM D5030, ASTM D1196, and ASTM D2937, as 
applicable. Tests will be performed at the following locations and frequencies: 

1. Paved and Building Slab Areas: At subgrade and at each compacted fill and backfill 
layer, at least one test for every 186 sq. m or less of paved area or building slab, but in 
no case fewer than three tests. 

2. Foundation Wall Backfill: At each compacted backfill layer, at least one test for every 
30 m or less of wall length, but no fewer than two tests. 

3. Trench Backfill: At each compacted initial and final backfill layer, at least one test for 
every 45 m or less of trench length, but no fewer than two tests. 

F. When testing agency reports that subgrades, fills, or backfills have not achieved the degree of 
compaction specified, scarify, moisten or aerate, or remove and replace soil materials to the 
depth required; recompact and retest until specified compaction is obtained. 

G.  Rockfill Test Frequencies: 

1. Plate Load Test, with a minimum diameter 60cm, shall be performed for each 5,000 
sq. m. of the completed layer with a minimum of three tests per layer in accordance 
with ASTM D 1196. 

2. One field density test shall be performed for every completed layer for each 3000 sq. 
m. or 100 1.m., whichever is less. Water replacement method shall be performed in 
accordance with ASTM D5030. 

3. Settlement monitoring shall be conducted similar to the case of the trial embankment 

4. In situ density checks shall be performed on the “finer” portion of the rock fill matrix 
by sand replacement 

5. Classification including gradation, plastic limit and liquid limit will be tested and 
evaluated for samples extracted from the embankment (or prior to placement) for every 
10,000 cu. m. of material. 

6. A lot will be accepted when all the classification tests representing that lot are as 
specified in Paragraph 2.1.U" in this Specification. 

Ts Gradation tests shall be conducted for each source for every 5,000 cu. m. of hauled 
material, with a minimum of four gradation tests per source. 

8. Monitoring Settlement: On completion of the embankment, the Contractor shall carry 
out precise leveling of the crest of the embankment. This shall consist of leveling 
transverse sections (a minimum of five (5) points) at a maximum spacing of 30 m along 
the embankment. These shall be referenced to a stable approved datum. Leveling shall 
be carried out at suitable time intervals until the average rate of settlement over a period 
of 1 month does not exceed 0.05 mm per day. No permanent construction will be 
permitted until the specific criteria is achieved. 

3.23 PROTECTION 

A. Protecting Graded Areas: Protect newly graded areas from traffic and erosion. Keep free of 
trash and debris. 

B. Repair and reestablish grades to the specified tolerances where completed or partially 
completed surfaces become eroded, rutted, settled, or where they lose compaction due to 
subsequent construction operations or weather conditions. 

1. Scarify or remove and replace soil material to depth as directed by the Engineer; 
reshape and recompact. 
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C. Where settling occurs before the Project’s Defects Liability Period elapses, remove finished 
surfacing, backfill with additional soil material, compact, and reconstruct surfacing. 

1. Restore appearance, quality, and condition of finished surfacing to match adjacent 
work, and eliminate evidence of restoration to the greatest extent possible. 
3.24 DISPOSAL OF SURPLUS AND WASTE MATERIALS 

A. Remove surplus satisfactory soil and waste materials, including unsatisfactory soil, trash, and 
debris, and legally dispose of them off the Employer’s property. 

B. Transport surplus satisfactory soil to designated storage areas on the Employer's property, 
unless otherwise directed by the Engineer on site. Stockpile or spread soil as directed by the 
Engineer. 

1. Remove waste materials, including unsatisfactory soil, trash, and debris, and legally 
dispose of them off the Employer's property. 
END OF SECTION 312000 
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SECTION 312300 - EXCAVATION AND FILL 


PART 1- 


GENERAL 


1.1 DESCRIPTION 


Structural excavation shall include the removal of ail material of whatever nature, necessary for 
the construction of foundations of bridges, culverts, retaining walls, headwalls, wing walls, catch 
basins, manholes, inlets and other structures not otherwise provided for in these specifications and 
in accordance with the plans or as directed by the Engineer. It shall include the furnishing of all 
necessary equipment and construction of all cribs, cofferdams, caissons, dewatering, sheeting, 
shoring etc., which may be necessary for the execution of the work. It shall also include the 
subsequent removal of cofferdams and cribs and the placement of all necessary backfill at 
hereinafter specified. It shall also include the disposing of excavated material, which is not 
required for backfill, in a manner and in locations so as not to affect the carrying capacity of any 
channel and not to be unsightly. 


PART 2 - 


PRODUCTS 


2.1 MATERIAL REQUIREMENT FOR BACKFILL 


A. Backfill around Structure 


Backfill around structure shall be made with the following material. 


1. 


Granular backfill of selected material as specified here under 


2. Common backfill shall be carried out from excavated material or any other borrow 


material approved by the Engineer. 


B. Grading Backfill 


Granular backfill material shall meet the following requirements. 


1. 


Grading Requirement 


mm Inch A B 
25 1 100 100 
19 34 60 — 100 75 — 100 
4.75 No. 4 50-85 55 — 100 
2.0 No. 10 40 —70 40 — 100 
0.425 No. 40 25-45 20-50 
0.075 No. 200 0-15 5-15 


2. Material satisfying the requirements of coarse sand falling under soil classification A-3 


(AASHTO). In case, coarse sand is utilised for granular fill it shall be ensured that the 
same is confined properly with approved material. 


3. The material shall have a Plasticity Index of not more than size (6) as determined by 
AASHTO T-89 and T-90. 
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C. Common backfill 


Use of excavated material as backfill may be allowed under this item. Use of borrow material 
for common backfill shall be allowed subject to approval of borrow material by the Engineer. 


D. Rock backfill 


Rock material of small size shall be permitted in the backfilling of structures or walls subject 
to the approval of methodology by the Engineer. 


PART 3 - EXECUTION 


1.1 CONSTRUCTION REQUIREMENTS 


A. Structural Excavation 


1. General 


All substructures, where practicable, shall be constructed in open excavation and, where 
necessary, the excavation shall be shored, braced or protected by cofferdams in accordance 
with approved methods. When footings can be placed in the dry without the use of cribs or 
cofferdams, back forms may be omitted with the approval of the Engineer, and the entire 
excavation filled with lean concrete to the required elevation of the top of the footing. The 
additional concrete shall be at the expense of the Contractor. 


In case the Contractor has excavated additional volumes than specified thereunder, the 
Contractor shall at his own expense backfill the volume with approved material as directed by 
Engineer. 


2. Preservation of Channel 


Unless otherwise specified, no excavation shall be made outside of caissons, cribs, 
cofferdams, piling, or sheeting, and the natural stream bed adjacent to the structure shall not 
be disturbed without permission from the Engineer. If any excavation or dredging is made at 
the site of the structure before caissons, cribs or cofferdams are in place, the Contractor shall, 
without extra charge, after the foundation base is in place, backfill all such excavation to the 
original ground surface or river bed with material approved by the Engineer. Material 
deposited within the stream area from foundation or other excavation or from filling of 
cofferdams shall be removed and the stream bed freed from obstruction thereby. 


3. Depth of Footings 


The elevation of the bottoms of footings, as shown on the drawings, shall be considered as 
approximate only and the Engineer may order, in writing, such changes in dimensions or 
elevation of footings as may be necessary to secure a satisfactory foundation. 


4. Preparation of Foundations of Footings 


a. All rock or other hard foundation material shall be freed from all loose material, 
cleaned and cut to a firm surface, either levelled, stepped, or roughened, as may be 
directed by the Engineer. 
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b. When masonry is to rest on an excavated surface other than rock special, care shall 
be taken not to disturb the bottom of the excavation, and the final levelling of the 
grade shall not be made until just before the masonry is to be placed. 


5. Cofferdams and Cribs 


a. For substructure work, the Contractor shall submit, upon request, drawings showing 
his proposed method of cofferdams construction and other details left open to his 
choice or not fully shown on the Engineer's drawings. The Contractor shall not start 
work until the Engineer has approved such drawings. 


b. Cofferdams and cribs for foundation construction shall be carried to adequate depths 
and heights, be safely designed and constructed, and be made as water tight as is 
necessary for the p roper performance of the work which must be done inside them. 
In general, the interior dimensions of cofferdams and cribs shall be such as to give 
sufficient clearance for the construction of forms and the inspection of their exteriors, 
and to permit pumping outside the forms. Cofferdams or cribs, which are tilted or 
moved laterally during the process of sinking, shall be righted, reset, or enlarged so as 
to provide the necessary clearance and this shall be solely at the expense of the 
Contractor. 


c. When conditions are encountered which, in the opinion of the Engineer, render it 
impracticable to dewater the foundation before placing masonry, he may require the 
construction of a concrete foundation seal of such dimensions as may be necessary. 
The foundation water shall then be pumped out and the balance of the masonry placed 
in the dry. When weighted cribs are employed and the weight is utilized to partially 
overcome the hydrostatic pressure acting against the bottom of the foundation seal, 
special anchorage such as dowels or keys shall be provided to transfer the entire 
weight of the crib into the foundation seal. During the placing of a foundation seal, 
the elevation of the water inside the cofferdam shall be controlled to prevent any flow 
through the seal, and if the cofferdam is to remain in place, it shall be vented or 
ported at low water level. 


d. Cofferdams or cribs shall be constructed so as to protect green concrete against 
damage from a sudden rising of the stream or river and to prevent damage to the 
foundation by erosion. No timber or bracing shall be left in cofferdams or cribs in 
such a way as to extend into the substructure masonry without written permission 
from the Engineer. 


e. Unless otherwise provided, cofferdams of cribs with all sheeting and bracing shall be 
removed after the completion of the substructure, care being taken not to disturb or 
otherwise injure the finished masonry. 


6. Pumping 


a. Pumping from the interior of any foundation enclosure shall be done in such a manner 
as to preclude the possibility of the movement of water through any fresh concrete. 
No pumping of water will be permitted during the placing of concrete or for a period 
of at least twenty four (24) hours thereafter, unless it is done from a suitable sump pit 
separated from the concrete work by a water-tight wall or other effective means. 
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b. Pumping to unwater a sealed cofferdam shall not commence until the seal has set 
sufficiently to with stand the hydrostatic pressure. 


7. Inspection 


After each excavation is completed the Contractor shall notify the Engineer, and no concrete 
or masonry shall be placed until the Engineer has approved the depth of the excavation and 
the character of the foundation material. 


B. Excavation in Embankments 


Unless otherwise specified, the Contractor may choose with the approval of the Engineer to 
excavate for structures, culverts, and pipe culverts after the embankment has been placed. 
Any space remaining after the placing of such structures or culverts shall be filled with 
material approved by the Engineer and compacted as follows: 


Layers of not more than 20 cm in loose thickness shall be placed and compacted in 
succession, with mechanical tampers, plate compactors or hand guided rollers operated 
transversely to the roadway, to the densities specified in the Sub Section 3.1(A) of Section 
312413. Moisture content shall be adjusted as directed by the Engineer. Proper benching shall 
be made to ensure bonding of existing and now material without any extra payment. 


The excavation in embankment and the placing of backfill for the purposes described above 
shall not constitute any claim for payment. Also if sand or granular backfill is used by the 
Contractor for his convenience, no extra payment will be made. 


C. Backfill 


1. Granular backfill where-ever directed shall be placed in the position and in the required 
depth, shown on the drawings or where and as required in writing by the Engineer and it 
shall be well compacted in layers not exceeding twenty (20) cm in thickness to 100 
percent of maximum dry density as per AASHTO T-180 (D). In case of water logged 
areas the thickness of the layer shall not exceed fifty (50) cm or as directed by the 
Engineer. Volume of granular fill around structures shall be calculated within the vertical 
limits of approved ‘excavation for such a structure, whereas the horizontal limits shall be 
those as specified on drawings. 


2. Common backfill shall consist of earth free from large lumps, wood and other organic 
materials and of a quality acceptable to the Engineer. It shall be placed in the position 
and to the required depths shown on the Drawings and / or as required in writing by the 
Engineer and it shall be well compacted in layers not to exceed twenty (20) cm in depth to 
the density, 95 percent of maximum dry density, as per AASHTO T- 80 (D). 


3. The rock backfill material whose individual sizes are not more than 30 cm shall be placed 
in the position to the required depth as specified and the voids shall be filled in layer of 
fine material approved by the Engineer. The compacting efforts shall be made so as to 
achieve the desired compaction approved visually by the Engineer. The depth of the layer 
in any case shall not exceed sixty (60) cm. However in water logged areas, the thickness 
may be increased as directed by the Engineer. Rock backfill will not be placed within two 
meters from concrete face of any structure. 
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4. All spaces excavated and not occupied by abutments, piers or other permanent work shall 
be refilled with earth or granular fill as approved by the Engineer up to the surface of the 
surrounding ground, with a sufficient allowance for settlement. All such backfill shall be 
thoroughly compacted and, in general, its top surface shall be neatly graded. 


5. The fill behind abutments and wing walls of ail bridge structures shall be deposited in 
well-compacted, horizontal layers not to exceed twenty (20) cm. in thickness. The 
common backfill in front of such units shall be placed first to prevent the possibility of 
forward movement. 


Special precautions shall be taken to prevent any wedging action against the masonry, and 
the slope bounding the excavation for abutments and wing walls shall be destroyed by 
stepping or roughening to prevent wedge action. Jetting of the fill behind abutments and 
wing walls will not be permitted. 


6. Fill placed around culverts and piers shall be deposited on both sides to approximately the 
same elevation at the same time. Where the Contractor does not have proper equipment to 
ensure compaction in restricted areas, Engineer may allow backfill with sand saturation 
method, at no extra cost to the Client. 


7. Adequate provision shall be made for the through drainage of all backfill. French drains 
shall be placed as weep holes. 


8. No backfill shall be placed against concrete or masonry structure before fourteen (14) 


days of placement and backfilling shall be carried out on both sides of the structure 
simultaneously. 


END OF SECTION 312300 
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SECTION 312413 - EMBANKMENT 


PART 1 - GENERAL 


1.1 DESCRIPTION 


This work shall consist of formation of embankment, including preparation of area for placing and 
compaction of embankment material in layers and in holes, pits and other depressions within the 
roadway area in accordance with the specifications and in conformity with the lines, grades, 
thickness and typical cross-section shown on the plans or established by the Engineer. 


PART 2 - PRODUCTS 


2.1 MATERIAL REQUIREMENTS 


Material for embankment shall consist of suitable material excavated from borrow, roadway 
excavation or structural excavation and shall include all lead and lift. Borrow material will be used 
only when material obtained from roadway or structural excavation is not suitable or is deficient 
for embankment formation and shall include all lead and lift. 


The material under this item shall conform to the following specification: 


A. Contractor shall use AASHTO Class A-1, A-2, A-3, A-4 or A-5 soil as specified in AASHTO 
M-145 or other material approved by the Engineer. 


B. CBR of the material shall not be less than five (05) percent, determined in accordance with 
AASHTO TA 93. CBR value shall be obtained at a density corresponding to the degree of 
compaction required for the corresponding layer. 


C. Swell value of the material for embankment formation shall not exceed five tenth (0.5) percent. 
However, while establishing the swell value, surcharge weights representing the overburden 
will be used. In case sandy material is used for embankment formation, it shall be properly 
confined at no extra payment with a material and to the extent as approved by the Engineer and 
sandy material shall not be used on slopes of embankment. 


D. In areas subject to flood and prolonged inundation of the embankment, such as at bridge sites, 
the material used in embankment, unless rock, shall be AASHTO Class Al(a), Al(b) and 
A-2-4, soils. Other soils may be used only with the written consent of Engineer. 


PART 3 - EXECUTION 


1.1 CONSTRUCTION REQUIREMENTS 
A. Formation of Embankment with Borrow Common Material 


Material for embankment, obtained and approved as provided above, shall be placed in horizontal 
layers of uniform thickness and in conformity with the lines, grades, sections and dimensions 
shown on the Drawings or as required by the Engineer. The layers of loose material other than 
rock shall be not more than 20 cm. thick, unless otherwise allowed by the Engineer after a trial 
section is prepared and approved. 
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The material placed in layers and that scarified to the designated depth for formation of 
embankment shall be compacted to the density specified below: 


Depth in centimetre below Subgrade Percent of Maximum Dry Density as 
Level Determined by AASHTO T-180* 
0 to 30 95 
30 to 75 93 
Over 75 90 
* Method 'B' or 'D' whichever is applicable or corresponding Relative Density in case of 
sand fill. 


In-place density determinations of the compacted layers shall be made in accordance with 
AASHTO T-191 or other approved methods. For all soils, with the exception of rock fill 
materials, containing more than 10% oversize particles (retained on 3/4 inch / 19 mm sieve), the 
in-place density thus obtained shall be adjusted to account for such oversize particles or as 
directed by the Engineer. Subsequent layers shall not be placed and compacted unless the 
previous layer has been properly compacted and accepted by the Engineer. 


Material for embankment at locations inaccessible to normal compacting equipment shall be 
placed in horizontal layers of loose material not more than 15 cm thick and compacted to the 
densities specified above by the use of mechanical tempers, or other appropriate equipment. 


The compaction of the embankment shall be carried out at the designated moisture content 
consistent with the available compacting equipment. 


Embankment material that does not contain sufficient moisture to obtain the required compaction 
shall be given additional moisture by means of approved sprinklers and mixing. Material 
containing more than the optimum moisture may not, without written approval of the Engineer, be 
incorporated in the embankment until it has been sufficiently dried out. The drying of wet 
material may be expedited by scarification, disking or other approved methods. 


When materials of widely divergent characteristics, such as clay and chalk or sand, drawn from 
different sources, are to be used in the embankment they shall be deposited in alternate layers of 
the same material over the full width of the embankment to depths approved by the Engineer. 
Rock, clay or other material shall be broken up, and no accumulation of lumps or boulders in the 
embankment will be permitted. No surplus material shall be permitted to be left at the toe of 
embankment or at the top of cut sections. 


Side slopes shall be neatly trimmed to the lines and slopes shown on the drawings or as directed 
by the Engineer, and the finished work shall be left in a neat and acceptable condition. 


B. Formation of Embankment with Rock Material 


Embankment formed of material consisting predominantly of rock fragment of such size that the 
material cannot be placed in layers of the thickness prescribed without crushing, pulverizing or 
further breaking d6wn the pieces, such material may be placed in layers not exceeding in 
thickness than the approximate average size of the rocks except that no layer shall exceed eighty 
(80) cm of loose measurement and compacted by a vibratory roller with the minimum mass as 
shown in the following table. 
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Mass per meter width of | Depth of filllayer | Number of passes of 
vibrating roll (Kg / M) (mm) the roller on each layer 
2300 — 2900 400 5 
2900 — 3600 500 5 
2600 — 4300 600 5 
4300 — 500 700 5 
>5000 800 5 


The material shall be carefully placed in layers, so that all larger stones will be well distributed 
and voids completely filled with smaller stones, clean small spells, shale, earth, sand, gravel, to 
form a solid mass. After placing rock material, surface shall be covered with a layer of fine 
material having thickness less than twenty (20) cm. Such fine material shall be reserved from 
roadway excavation by the Contractor. Should such material be available but not' reserved, 
Contractor will supply and place borrow material for forming smooth grade without extra 
payment. 


Each layer shall be bladed or levelled with motor grader, bulldozer or similar equipment capable 
of shifting and forming the layer into a neat and orderly condition. No rock larger than eight (8) 
cm in any dimension shall be placed in the top fifteen (15) cm of embankment unless otherwise 
allowed by the Engineer. 


Material for each layer should be consolidated with heavy weight vibratory roller until settlement 
as checked between two consecutive passes of roller is less that one (1) percent of the layer 
thickness. In evaluation of settlement, survey points should be established and rolling continued 
until difference of levels as checked after two consecutive passes is less than one (1) percent of 
the total layer thickness. More over initial rolling of overlaid fine material shall be done without 
watering to ensure their intrusion in voids of rock layer beneath. Watering shall be done when 
voids are properly filled. 


Embankments, which are formed of material that contain rock but also contain sufficient 
compactable material other than rock or other hard material to make rolling feasible, shall be 
placed and compacted in the manner prescribed above and to the point when settlement is within 
above mentioned requirement. Compaction test will be made whenever the Engineer determines 
they are feasible and necessary. Each layer must be approved by the Engineer before the next 
layer is placed. 


When rock to be incorporated in fill is composed largely of weak or friable material, the rock 
shall be reduced to a maximum size not exceeding fifty (50) percent of the thickness of the layer 
being placed. 


C. Formation of Embankment on Steep Slopes 


Where embankments are to be constructed on steep slope, hill sides or where new fill is to be 
placed and compacted against existing pavement or where embankment is to be built along one 
half the width at a time, the original slope of the hill side, of existing pavement or adjacent to half 
width of embankment shall be cut in steps of twenty (20) cm depth. Benching shall be of 
sufficient width to permit operation of equipment possible during placing and compaction of 
material. 


Cut material shall be incorporated with the new embankment material and compacted in 
horizontal layers. No extra payment will be allowed for such an operation. 


D. Formation of Embankment on Existing Roads 


Before fill is placed and compacted on an existing roadway, the existing embankment and / or 
pavement may be levelled by cutting, rooting or scarifying by approved mechanical means to a 
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level to be determined by the Engineer. The earth, old asphalt or other material arising as a result 
of this operation will be declared either suitable or unsuitable, for use in the embankment or other 
items, by the Engineer. 


E. Formation of Embankment in Water Logged Areas 


Where embankments are to be placed in water logged areas and which are inaccessible to heavy 
construction equipment, a special working platform shall be first established, consisting of a 
blanket of fill material placed on top of the soft layer. The material of the working table shall 
consist of normal or processed granular fill, obtained from borrow excavation. This material shall 
conform to the following specifications: 


Percentage of Weight Passing Mesh Sieve, 
AASHTO T-27 


3 inch (75 mm) 100 


Sieve Description 


The remaining grading shall be such as to avoid intrusion into the working platform material of 
subgrade or natural ground surface material. For this condition to be met it will be required that 
the ratio. 


Dıs (Working Platform 
Material) is less than 5 
Dss (Natural Ground Material) 


D85 and D15 mean the particle diameters corresponding to 85% and 15%, respectively, passing 
(by weight) in a grain size analysis. 


Construction of this working table shall proceed from one edge of the soft area by using the fill as 
a ramp for further material transport. 


The thickness of the working table as prescribed above shall be approximately 0.5 meter unless 
directed otherwise by the Engineer, and the width shall be that of the embankment. The placement 
and compaction of the working table shall be carried out by use of light equipment, as directed by 
the Engineer. 


No density requirements are specified for the working platform, however, subsequent layers 
above it shall be compacted to the densities specified in Sub Section 3.1 (A) of Section 312413. 


F. General Requirements 


To avoid interference with the construction of bridge abutments and wing walls, the Contractor 
shall at points determined by the Engineer, suspend work on embankments and / or in cuts 
forming the approaches to any such structure until such time as the construction of the later is 
sufficiently advanced to permit the completion of the approaches without the risk of interference 
or damage to the bridge works. The cost of such suspension of work shall be included’ in the 
contract unit prices for embankment. In carrying embankments up to or over bridges, culverts or 
pipe drainage, care shall be taken by the Contractor to have the embankments brought to equally 
on both sides and over the top of any such structure. Contractor shall make special arrangements 
to ensure proper compaction in restricted spaces and around structures. No compensation shall be 
made to the Contractor for working in narrow or otherwise restricted areas. 
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When as a result of settlement, an embankment requires the addition of material up to 30 cm in 
thickness to bring it up to the required grade level, the top of the embankment shall be thoroughly 
scarified before the additional materials being placed, without extra payment to Contractor for 
the scarification. 


The Contractor shall be responsible for the stability of all embankments and shall replace any 
portions that in the opinion of the Engineer have been damaged or displaced due to carelessness 
or neglect on the part of the Contractor. Embankment material which may be lost or displaced as a 
result of natural causes such as storms, cloud-burst or as a result of unavoidable movement or 
settlement of the ground or foundation upon which the embankment is constructed shall be 
replaced by the Contractor with acceptable material from excavation or borrow. No additional 
compensation will be allowed for the replacement. 


During construction, the roadway shall be kept in shape and drained out at all times. When 
unsuitable material has been placed in the embankment by the Contractor, he shall remove it 
without extra payment. 


G. Trial Section 


Before starting the filling of the embankment, the Contractor shall construct trial sections of 
minimum 200 meters and maximum of 500 meters or as directed by the Engineer with each soil 
type I source proposed to be used as fill material. The soils used in the trials shall be the same as 
those intended to be used for the formation of embankment and the compacting equipment shall 
be the same that the Contractor will use for the main work. The construction of embankment with 
any type of soil / material source shall be subject to written approval of the Engineer after the trial 
section made for that particular type of soil / material source. The objective of these trials shall be 
to determine the optimum moisture content and the relationship between the number of passes of 
compacting equipment and density obtained for the soil types under trial and for the verification 
of the soil type itself. The Engineer may order additional compaction test sections when deems 
necessary. 


END OF SECTION 312413 
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SECTION 313116 - TERMITE CONTROL 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 
A. Drawings and general provisions of the Contract, including Conditions of Contract and 
Division 01 Specification Sections, apply to this Section. 
1.2 SUMMARY 
A. Section Includes: 


1. Soil treatment with termiticide. 


1.3 PREINSTALLATION MEETINGS 


A. _ Pre-installation Conference: Conduct conference at the Project site. 


1.4 ACTION SUBMITTALS 
A. Product Data: For each type of termite control product. 


1. Include construction details, material descriptions, dimensions of individual 
components, and profiles for termite control products. 

2. Include the EPA-Registered Label and local authority approvals for termiticide 
products. 


1.5 INFORMATIONAL SUBMITTALS 


A. Qualification Data: For qualified Installer. Include the EPA-Registered Label for 
termiticide products and AWPA U1 American Wood Protection Association. 


B. Product Certificates: For termite control products, from manufacturer. 


C. Soil Treatment Application Report: After application of termiticide is completed, submit 
report for the Engineer’s records and include the following: 


Date and time of application. 

Moisture content of soil before application. 

Termiticide brand name and manufacturer. 

Quantity of undiluted termiticide used. 

Dilutions, methods, volumes used, and rates of application. 
Areas of application. 

Water source for application. 

Warranties: Sample of special warranties. 


20 Oe a 


TERMITE CONTROL 313116 - Page 1 of 4 
P21161/4309-04-TD-SPC-15A-GE-01 REV 0 


RFP — Karachi Mobility Project (Yellow BRT) — PK-SMTA-334960-CW-RFP 
Procurement of Package - 4: NEW JAM SADIQ BRIDGE (Yellow Corridor Segment 3) 
Volume (2): Part (B) Specifications (2 of 2) - 313116 - Termite Control 


1.6 


1.7 


1.8 


Warranties: Sample of special warranties. 


QUALITY ASSURANCE 


"Product, Material and Equipment shall demonstrate compliance with requirements 
specified in Section 016000 "Product Requirements”. 


Installer Qualifications: A specialist who is licensed according to regulations of authorities 
having jurisdiction to apply termite control treatment and products in jurisdiction where 
Project is located and who employs workers trained and approved by manufacturer to install 
manufacturer's products 


Regulatory Requirements: Formulate and apply termiticides and termiticide devices 
according to the EPA-Registered Label 


Source Limitations: Obtain termite control products from single source and from single 
manufacturer. 


FIELD/PROJECT CONDITIONS 


Environmental Limitations: To ensure penetration, do not treat soil that is water saturated. 
Do not treat soil while precipitation is occurring. Comply with requirements of the EPA- 
Registered Label and requirements of authorities having jurisdiction. 


Coordinate soil treatment application with excavating, filling, grading, and concreting 
operations. Treat soil under footings, grade beams, and ground-supported slabs before 
construction. 


In areas where the probability of termite infestation is very heavy, extruded and expanded 
polystyrene, polyisocyanurate and other foam plastics shall not be installed on the exterior 
face or under interior or exterior foundation walls or slab foundations located below grade. 
The clearance between foam plastics installed above grade and exposed earth shall be not 
less than 150 mm. 


WARRANTY 


Soil Treatment Special Warranty: Manufacturer's standard form, signed by Applicator and 
Contractor, certifying that termite control work, consisting of applied soil termiticide 
treatment, will prevent infestation of subterranean termites. If subterranean termite activity 
or damage is discovered during warranty period, re-treat soil and repair or replace damage 
caused by termite infestation. 


1. Warranty Period: Five years from date of Substantial Completion. 
2. MAINTENANCE SERVICE 


Continuing Service: Beginning at Substantial Completion, provide 12 months' continuing 
service including monitoring, inspection, and re-treatment for occurrences of termite 
activity. Provide a standard continuing service agreement. State services, obligations, 
conditions, terms for agreement period, and terms for future renewal options. 
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PART 2 - PRODUCTS 


2.1 


2.2 


2.3 


2.4 


SOIL TREATMENT 


Termiticide: Provide an EPA-Registered termiticide approved and certified by local 
authorities, non-repellant for maximum effectiveness and duration after application, 
complying with requirements of authorities having jurisdiction and with the requirements of 
UFGS-313116.13 “Chemical Termite Control”, in an aqueous solution formulated to 
prevent termite infestation. Provide quantity required for application at the label volume 
and rate for the maximum termiticide concentration allowed for each specific use, according 
to product's EPA-Registered Label. 


1. Products: Subject to compliance with requirements, provide products from available 
and specialized manufacturer to be approved by the Engineer. 
2: Service Life of Treatment: Soil treatment termiticide that is effective for not less than 


five years against infestation of subterranean termites. 


EXECUTION 


EXAMINATION 


Examine substrates, areas, and conditions, with Applicator present, for compliance with 
requirements for moisture content of soil per termiticide label requirements, interfaces with 
earthwork, slab and foundation work, landscaping, utility installation, and other conditions 
affecting performance of termite control. 


Proceed with application only after unsatisfactory conditions have been corrected. 


PREPARATION 


General: Comply with the most stringent requirements of authorities having jurisdiction and 
with manufacturer's written instructions for preparation before beginning application of 
termite control treatment. Remove all extraneous sources of wood cellulose and other 
edible materials such as wood debris, tree stumps and roots, stakes, formwork, and 
construction waste wood from soil within and around foundations. 


Soil Treatment Preparation: Remove foreign matter and impermeable soil materials that 
could decrease treatment effectiveness on areas to be treated. Loosen, rake, and level soil to 
be treated except previously compacted areas under slabs and footings. Termiticides may be 
applied before placing compacted fill under slabs if recommended in writing by termiticide 
manufacturer. 


1. Fit filling hose connected to water source at the site with a backflow preventer, 
complying with requirements of authorities having jurisdiction. 
APPLICATION, GENERAL 


General: Comply with the most stringent requirements of authorities having jurisdiction and 
with manufacturer's EPA-Registered Label for products. 
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25 


APPLYING SOIL TREATMENT 


Application: Mix soil treatment termiticide solution to a uniform consistency. Provide 
quantity required for application at the label volume and rate for the maximum specified 
concentration of termiticide, according to manufacturer's EPA-Registered Label, to the 
following so that a continuous horizontal and vertical termiticidal barrier or treated zone is 
established around and under building construction. Termiticide shall penetrate a minimum 
of 25mm into the soil or as recommended by the product manufacturer. If the penetration 
depth is less than the specified depth, the work shall be repeated to the specified depth at no 
extra cost to project. Distribute treatment evenly. 


1. Slabs-on-Grade and Basement Slabs: Underground-supported slab construction, 
including footings, building slabs, and attached slabs as an overall treatment. Treat 
soil materials before concrete footings and slabs are placed. 

2: Foundations: Adjacent soil, including soil along the entire inside perimeter of 
foundation walls; along both sides of interior partition walls; around plumbing pipes 
and electric conduit penetrating the slab; around interior column footers, piers, and 
chimney bases; and along the entire outside perimeter, from grade to bottom of 
footing. Avoid soil washout around footings. 

3. Crawlspaces: Soil under and adjacent to foundations as previously indicated. Treat 
adjacent areas including around entrance platform, porches, and equipment bases. 
Apply overall treatment only where attached concrete platform and porches are on fill 
or ground. 

4. Masonry: Treat voids. 


Penetrations: At expansion joints, control joints, and areas where slabs will be penetrated. 


Avoid disturbance of treated soil after application. Keep off treated areas until completely 
dry. 


Protect termiticide solution, dispersed in treated soils and fills, from being diluted until 
ground-supported slabs are installed. Use waterproof barrier according to EPA-Registered 
Label instructions. 


Post warning signs in areas of application. 


Reapply soil treatment solution to areas disturbed by subsequent excavation, grading, 
landscaping, or other construction activities following application. 


Place concrete covering treated soil as soon as the termiticide has reached maximum 
penetration into the soil, as recommended by the product manufacturer. 


The Engineer may obtain samples to be tested at an independent testing agency to confirm 
the properties of the termiticide chemical product supplied on site. 


END OF SECTION 313116 
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SECTION 313716.13 - RUBBLE-STONE RIPRAP 
PART 1 - GENERAL 


1.1 DESCRIPTION 


This work consists of furnishing and placing a protective covering of erosion resistant material as 
riprap or reinforced concrete slope protection on the locations shown on the plans for slopes or 
pier foundation protection. The work shall be done in accordance with the specifications and 
conformity with the lines, grades, thickness and typical cross-sections shown on the plans. 


The areas to receive riprap or slope protection of any kind shall be dressed smooth to the slopes or 
shapes called for on the plans and shall be free from stumps, organic matter, or waste material. A 
filter blanket should be provided where it is anticipated that there may be migration of fines 
through the riprap. Toe trench and / or filter blanket is to be constructed, as directed by the 
Engineer. 


All materials, regardless of type or kind, shall be placed as per lines and levels called for on the 
Drawings. 


PART 2 - PRODUCTS 


2.1 MATERIAL REQUIREMENTS 
A. Stones 


Stone for riprap shall consist of field stone or rough unhewn quarry stone as nearly 
rectangular in section as is practical, except that riprap of Class A shall consist of round 
natural stones. The stones shall be sound, tough, durable, dense, resistant to the action of air 
and water, and suitable in all respects for the purpose intended. Samples of the stone to be 
used shall be submitted to and approved by the Engineer before any stone is placed. The 
minimum apparent specific gravity shall be two and one half (2.5) and water absorption shall 
not exceed six (6) percent for stones to be used in riprap. The stone shall not have an abrasion 
loss greater than forty five (45) percent when subjected to five hundred (500) revolutions in a 
Loss Angeles Abrasion test. 


Stones for riprap shall be one of the following classes as shown on the drawings or 
determined by the Engineer: 


Class A Stones ranging in weight from a minimum of fifteen (15) Kg to a maximum of 
twenty five (25) Kg, with at least fifty (50) percent by weight of the stones weighing more 
than twenty (20) kg. 


Class B: Stones ranging in weight from a minimum of thirty (30) kg to a maximum of seventy 
(70) kg, with at least fifty (50) percent by weight of the stones weighing more than fifty (50) 
kg. 


Class C: Stones ranging in weight from a minimum sixty (60) kg to a maximum of one 
hundred (100) kg, with at least fifty (50) percent by weight of the stones weighing more than 
eighty (80) kg. 
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Sound pieces of broken concrete obtained from the removal of bridges culverts, and other 
structures may be substituted for stone upon approval by the Engineer. 


B. Filter Material 


The grading of the filter material shall be as specified on the drawings or in the Special 
Provisions. If not otherwise specified, it will be required that D15 of the filter is at least 4 
times as large as D15 for the underlying embankment materials and not more than 4 times the 
D85 for the embankment material. 


Where: D15 and D85 are the particle diameters corresponding to fifteen (15) percent and 
eighty five (85) percent respectively, passing (by weight.) in a grain size analysis. 


C. Portland Cement 

Portland cement shall conform to the requirements of AASHTO M 85. 
D. Fine Aggregates 

Fine aggregates for mortar shall conform to the requirements of AASHTO M 45. 
E. Steel Reinforcement 


Steel reinforcement shall be furnished, bent and fixed where shown on the drawings. 
Furnishing, bending and fixing shall be in accordance with section 032111. 


F. Concrete 


Concrete of specified Class shown on the drawings shall be supplied, placed, finished and 
used as indicated in section 033000 


G. Water 


Water for concrete and mortar of ratio 1:3 or as specified. 


PART 3 - EXECUTION 


1.1 CONSTRUCTION REQUIREMENTS 
A. Excavation 


The bed for the riprap shall be excavated to the required depths and compacted, trimmed and 
shaped to the entire satisfaction of the Engineer or as shown on the plans. 


The riprap shall be set in a toe trench as shown on the Drawings. The toe trench shall be filled 
with stone of the same class as the one specified for the riprap, unless otherwise specified. All 
toe trenches and excavations shall be approved by the Engineer with firm sub-grade or base 
prior to placement of stones. Stones shall be placed so as to provide minimum of voids. 
Larger stones shall be placed in the toe trench and on the outside surface of the slope. 
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B. Placing 


Stones placed below water line shall be distributed so that the minimum thickness of the 
riprap is not less than that specified. 


Stones above the water line shall be placed by hand. They shall be laid with close, broken 
joints and shall be firmly bedded into the slope and against the adjoining stones. The stones 
shall be laid perpendicular to the slope with ends in contact. The riprap shall be thoroughly 
compacted as construction progresses and the finished surface shall present an even tight 
surface. Interstices between stones shall be chinked with spalls firmly rammed into place. 


Unless otherwise provided, riprap shall have the following minimum thickness, measured 
perpendicular to the slope: 


Class A: 20 cm 
Class B: 45 cm 
Class C: 60 cm 


The surface of riprap placed above the water line shall not vary from the theoretical surface 
by more than 8 cm at any point. 


C. Loose Riprap 


The loose riprap shall be placed in layers manually or other methods approved by the 
Engineer, all to secure a stable mass. Surface irregularities of the slope shall not vary more 
than eight (8) cm along the intended slope. After the completion and approval of the riprap 
placement, the surface voids of the riprap in the footing trench and on the lower portions of 
the slope shall be filled with excavated material and dressed to the satisfaction of the 
Engineer. 


D. Grouted Riprap 


Stone for this purpose shall, as for as practicable, be selected of the size and shape so as to 
secure fairly large, flat-surfaced stone which will lay up with a true and even surface and a 
minimum of voids. The stones shall be placed first and roughly arranged in close contact, the 
larger stones being placed near the base of the slope. The spaces between the larger stones 
shall be filled with stones of suitable size, leaving the surface smooth, reasonably tight, and 
conforming to the contour required. In general, the stone shall be laid with a degree of care 
that will ensure for plane surfaces a maximum variation from a true plane of not more than 
three (3) percent. Warped and curved surfaces shall have the same general degree of accuracy 
as specified above for plane surface. 


As each of the larger stones is placed, it shall be surrounded by fresh mortar and adjacent 
stones shall be shoved into contact. After the larger stones are in place, all of the spaces or 
openings between them shall be filled with grout consisting of one (1) part of Portland cement 
and three (3) parts of fine aggregates, and one-fifth (1/5) part of hydrated lime with sufficient 
water to produce a plastic mix and the smaller stones then placed by shoving them into 
position, forcing excess mortar to the surface, and ensuring that each stone is carefully and 
firmly bedded laterally. Mortar shall not be placed in temperature lower than five (5) degree 
Celsius. During hot, dry weather the work shall be protected from the sun and kept moist for a 
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minimum of 3 days after placement. Stones shall be kept wet during placing of the mortar. 


After the work has been completed as above described, all excess mortar forced up shall be 
spread uniformly to completely fill all surface voids. All surface joints shall then be roughly 
pointed up either with flush joints or with shallow, smooth raked joints. 


Weep holes shall be provided through the riprap cover as shown on the plans or as directed by 
the Engineer. 


END OF SECTION 313716.13 
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SECTION 316324 - PILE TESTING 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 
A. Drawings and general provisions of the Contract, including Conditions of Contract and 
Division 1 Specification Sections, apply to this Section. 
1.2 SUMMARY 
A. Section Includes: 
1. Static pile load testing. 
a. Axial Compressive Static-Load Test. 
b. Axial Tension Static-Load Test. 
c. Lateral Load Test. 
2: High strain dynamic load pile testing. 
B. Related Requirements: 
1. Section 013200 "Construction Progress Documentation" for recording preexisting 
conditions and drilled-pile progress. 
2. Section 316329 "Drilled Concrete Piles". 
3. Division 31 Section 316450 “Non-Destructive Testing 
1.3 DEFINITIONS 
A. Working pile: pile that shall form a part of the foundation of the structure. 
B. Test pile: pile to which loads are applied to determine the resistance-displacement 
characteristics of the pile and the surrounding ground. 
Cc Pile load: axial load (or force) applied to the head of the pile during the test. 
D. Measured compressive resistance: measured value of the compressive resistance at the 
ultimate limit state, in one or several pile load tests. 
E. Load increment: increment of load added or removed during the test. 
1.4 PREINSTALLATION MEETINGS 
A. _ Preinstallation Conference: Conduct conference at the Project site. 
1. Review methods and procedures related to pile testing including, but not limited to, the 
following: 
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a. Schedule for testing 
b. Loading and unloading sequence. 
c. Other items affecting successful completion. 


1.5 ACTION SUBMITTALS 


A. Product Data: For each type of testing specified, provide details of specific techniques and 
processes proposed to be adopted for testing. Include details of equipment and 
instrumentation, quality control and report procedures, work program, and any other 
information or special data required by the Engineer. 

B. Shop Drawings: 


1. For Static Load Pile Testing: Include arrangement of static pile reaction frame, test and 
anchor piles, equipment, and instrumentation. Submit structural analysis data signed 
and sealed by the qualified professional engineer responsible for their preparation. 


2. For Dynamic Load Pile Testing: Verification of pile shaft dimensions: Include details 
of logging equipment, methodology of performing the logging, and information on the 
software and algorithms used. 

1.6 INFORMATIONAL SUBMITTALS 
A. Qualification Data: For installer, professional engineer and testing agency. 
B. For firms and persons specified in "Quality Assurance" Article to demonstrate their 
capabilities and experience. Include lists of completed projects with project names and 
addresses, names and addresses of engineers and employers, and other information specified 


or required by the Engineer. 


C. Progress Reports: Daily work reports, identifying individual piles and type of testing carried 
out. 


D. Field quality-control reports. 


E. Preconstruction Photographs: Photographs or video recording of existing conditions of 
adjacent construction. Submit before the Work begins. 


1.7 QUALITY ASSURANCE 


A. "Product, Material and Equipment shall demonstrate compliance with requirements specified 
in Section 016000 "Product Requirements". 


B. Testing Agency Qualifications: Qualified according to ASTM E329 for testing indicated. 


1.8 PRECONSTRUCTION TESTING 
A. Static Load Pile Testing: 


1. Unless a calibrated load cell(s) is used, the complete jacking system including the 
hydraulic jack(s), hydraulic pump, and pressure gage shall be calibrated as a unit before 
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B. 


each test or series of tests in a test program to an accuracy of not less than 5 % of the 
applied load. 

25 The hydraulic jack(s) shall be calibrated over its complete range of ram travel for 
increasing and decreasing applied loads. If two or more jacks are to be used to apply 
the test load, they shall be of the same ram diameter, connected to a common manifold 
and pressure gage, and operated by a single hydraulic pump. 

3. If it is not feasible to calibrate the complete jacking system as a unit, the pressure gage 
may be calibrated independently, in which case the jack piston(s) shall be measured to 
verify the area(s). 

4. Calibration reports shall be furnished for all testing equipment for which calibration is 
required and shall show the temperature at which the calibration was done. 


Dynamic Load Pile Testing: 


1. Care shall be taken to ensure that the apparatus is securely attached to the pile so that 
slippage is prevented. The transducers shall have been calibrated to an accuracy of 3 % 
throughout the applicable measurement range. If damage is suspected during use, the 
transducers shall be re-calibrated (or replaced). 

2: All components of the apparatus for obtaining dynamic measurements and the 
apparatus for recording, reducing and displaying data shall be calibrated at least once 
every two years to the standards of the manufacturer. 


PART 2 - PRODUCTS (Not Used) 


PART 3 - EXECUTION 


3.1 PREPARATION 
A. Protect structures, utilities, sidewalks, pavements, and other facilities from damage caused by 
settlement, lateral movement, vibration, and other hazards created by drilled-pile testing 
operations. 
3.2 STATIC PILE LOAD TESTING 
A. General: Static-load tests will be used to verify and confirm design load capacity of drilled 
piles. 
1. Dynamic formulas will not be permitted in place of pile load tests to determine bearing 
values of drilled piles. 
2. Perform and complete testing and obtain approval of preliminary test piles before 
proceeding with installation of permanent working piles in the Works. 
B. Pile Tests: Arrange and perform the following static-load tests on drilled piles: 
1. Axial Compressive Static-Load Test: ASTM D1143/D1143M. 
Œ: Equip each test pile with two telltale rods, according to ASTM D1143/D1143M, for 
measuring deformation during load test. 
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3.3 


Provide pile reaction frame, anchor piles, equipment, and instrumentation with enough 
reaction capacity to perform tests. Notify Engineer at least 48 hours in advance of performing 
tests. On completion of testing, remove testing structure, anchor piles, equipment, and 
instrumentation. 


1. Allow a minimum of seven days to elapse after driving test piles before starting pile 
testing. 


Apply test loads by jacking against beams or the pile loading head restrained by kentledge, 
reaction piles or ground anchors. 


1. Center to center spacing of vertical reaction piles from a test pile shall be not less than 
5 times the diameter of the test pile or the reaction piles or 2.5 m whichever is the 
greater. 

2. Where ground anchors are used to provide a test reaction for loading in compression, 
no part of the anchor transferring load to the ground shall be closer to the test pile than 
5 times the diameter of the test pile or 2.5 m whichever is the greater. 


The Engineer may increase or decrease this spacing (clear distance) based on factors such as 
the type and depth of reaction system, soil conditions, and magnitude of loads such that 
reaction forces do not affect the test result. 


Test Loads: Allow fresh concrete and grout to gain adequate strength and stiffness before 
starting the load testing. Maximum loads to be applied in maintained load test shall be as 
specified in Paragraph 3.4 “Frequency”. 


In the event of a pile continuing to settle under constant load before the maximum test load 
has been reached, take readings at 15-minute intervals for a period of one hour while the load 
is being maintained. Unload the pile in approximately 4 to 6 equal decrements at 15-minute 
intervals and allow to recover for 3 hours. Take one set of settlement readings after each 
decrement of load and a further set of readings at the end of the recovery period. 


Approval Criteria: Allowable load shall be the load acting on the test pile when the lesser of 
the following criteria are met, divided by a factor of safety of 2: 


1. Net settlement, after deducting rebound, of not more than 0.25 mm/907 kg of test load. 
Total settlement exceeds the pile elastic compression by 4 mm, plus 1.0 percent of the 
tip diagonal dimension. 

3. A plunging failure or sharp break in the load settlement curve. 


Test Pile-Driving Records: Prepare driving records for each test pile compiled and attested to 
by a qualified professional engineer. Include same data as required for driving records of 
permanent piles. 

Test piles that comply with requirements, including location tolerances, may be used on 
Project. 

FREQUENCY 


Static Load Pile Testing: Piles testing shall conform with the following minimum 
requirements: 
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At least one (1) preliminary pile load test for every 500 working piles, non-working 
preliminary pile shall be tested to 200% of the pile’s working load, ASTM D 
1143/1143M. Osterberg cell can be accepted only in the preliminary test. 

1% of the total number of working piles and minimum one (1) test for each pile 
diameter/type shall be statically tested to not less than 150% of the pile’s working load, 
ASTM D1143/D1143M 

The following procedure shall be followed for particular tests whenever are required 
by the project specification or design conditions: 


a. Pile instrumentation test should be performed on tested pile(s). The test shall be 
performed at the time of static load test for piles of diameter 1000 mm or more. 

b. Steel reinforcement and concrete strength and durability shall be tested as per 
QC Guidelines. 


3.4 TEST RECORDS 


A. General: Maintain accurate test records for each pile, compiled and attested to by a qualified 
professional engineer, and submit to the Engineer at the conclusion of each pile test. Include 
the following data: 


DCN 


Project name and number. 

Pile number and date of testing. 

Pile dimensions. 

Type and method of pile testing. 

Calibration reports/certificates for all testing equipment. 
Test results. 


B. Static Load Tests in Compression: 


1. 


Prepare test results in the form of tabulated field observations, including the following 
data: 


Time vs. settlement curves. 

Time vs. load curves. 

Load vs. settlement curves. 
Settlement vs. log time for each stage. 
Load vs. ds/d log time. 

Load vs. settlement. 


monosp 


The Engineer will review test results and determine if a pile is acceptable, considering 
the acceptable total and differential settlements of the superstructure, the foundation 
geometry, the pile type and the soil conditions, etc. Working piles that show materially 
different settlement characteristics compared to preliminary test piles will not be 
accepted. 


C. High Strain Dynamic Load Pile Testing: 


1. 


The interpretation of the tests shall be carried out by competent persons having at least 
five (5) years relevant experience. The Contractor shall give all available details of the 
ground conditions, pile dimensions and construction method to the specialist firm 
carrying out the testing in order to facilitate interpretation of tests. 


PILE TESTING 
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2. The preliminary results shall be provided to the Engineer within 24 hours of the 
completion of a test. These shall include: 


The maximum force applied to the pile head. 
The maximum pile head velocity. 

The maximum energy to the pile. 
Mobilization capacity. 

Maximum measured tension force in the pile. 


PaO SP 


3. A full report shall be given to the Engineer, within 10 days of the completion of testing, 
including: 


Date of pile installation. 

Date of test. 

Pile identification number and location. 

Length of pile below commencing surface. 

Total pile length, including projection above commencing surface at time of test. 
Length of pile from instrumentation position to toe. 

Hammer type drop and other relevant details. 

Blow selected for analysis. 

Test load achieved (i.e., total mobilized deduced static load). 

Pile head movement at equivalent Design Verification Load. 

Pile head movement at equivalent Design Verification Load plus 50% of 
Specified Working Load. 

Pile head movement at maximum applied test load. 

Permanent residual movement of pile head after each blow. 

Temporary compression. 

Modulus of elasticity density, and wave speed of test pile and how determined. 


ror ro ho ao op 
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4. For all piles tested, the following information shall be provided for typical blows: 


Date of pile installation. 

Date of test. 

Pile identification number and location. 

Length of pile below commencing surface. 

Total pile length, including projection above commencing surface at time of test. 
Length of pile from instrumentation position to toe. 

Hammer type, drop and other relevant details. 

Permanent set per blow. 

Maximum force at pile head. 

Maximum velocity at pile head. 

Maximum downward energy imparted to the pile. 

Maximum tension force in the pile. 

Dynamic soil resistance mobilized during the blow. 

Static soil resistance mobilized during the blow assuming that soil damping is 
proportional to pile velocity that soil damping is proportional to pile velocity. 
Magnitude and location of possible pile damage. 


SB ee en a 
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5. For piles selected by the Engineer, an analysis of measurements from selected blows 
shall be carried out using a numerical model of the pile and soil to provide the following 
information: 


Magnitude and distribution of mobilized static soil resistance. 
Magnitude and distribution of soil stiffness and damping. 

Deduced static load deflection behavior of the pile at the head and toe. 
Limitations of the method. 


SE e 


END OF SECTION 316324 
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SECTION 316329 - DRILLED CONCRETE PILES 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 
A. Drawings and general provisions of the Contract, including Conditions of Contract and 
Division 01 Specification Sections, apply to this Section. 
1.2 SUMMARY 
A. Section Includes: 

1. Dry-installed drilled piles. 

2: Slurry displacement-installed drilled piles. 

3. Dry-installed or slurry displacement-installed drilled piles at Contractor's choice. 

B. Related Sections: 

1. Section 311000 "Site Clearing" for preparation of subgrade for drilled-pile operations 
including removal of vegetation, topsoil, debris, obstructions, and deleterious materials 
from ground surface. 

2: Section 316324 "Pile Testing”. 

3. Section 316450 "Non-Destructive Testing of Piles". 

4. Section 033000 "Cast-In-Place Concrete ". 

1.3 DEFINITIONS 
A. Drilled Pile (Drilled Shaft or Bored Pile): A cylindrical concrete body (with or without 
reinforcement) installed in the ground to transmit structural vertical and lateral loads into load- 
bearing soils or rocks. 
B. Slurry: Drilling fluid used for the construction of bored piles by stabilizing the temporary pile 
excavation. 
C. Tremie Pipe: Rigid pipe with watertight joints, or without joints, used to place concrete in a 
pile hole. 
1.4 PREINSTALLATION MEETINGS 
A. _ Pre-installation Conference: Conduct conference at the Project site: 
1. Review methods and procedures related to drilled concrete piles including, but not 
limited to, the following: 
a. Geotechnical report. 
b. Existing utilities and subsurface conditions. 
c. Coordination with temporary controls and protections. 
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Installation schedule. 

Installation sequence. 

Preparatory work. 

Transitions and connections to other work. 
Inspecting and testing. 

Other items affecting successful completion. 


mpap eA 


1.5 ACTION SUBMITTALS 


A. Before the commencement of work, submit: 

1. Method Statement describing and detailing the procedure to be followed to execute the 
work, 

2. Construction equipment and their characteristics 

3: Set-up and layout of the slurry mixing plant. 

4. Health and Safety Plan including protection in the event that a pile excavation is left 
open overnight. 

5: Sequence of construction of piles 


B. Product Data: For each type of product. 


C. Shop Drawings: For concrete reinforcement detailing fabricating, bending, supporting, and 
placing. 


D.  Delegated-Design Submittal: For concrete piles. 
1. Indicate compliance with performance requirements and design criteria, including 


analysis data signed and sealed by the qualified professional engineer responsible for 
their preparation. 


1.6 INFORMATIONAL SUBMITTALS 


A. Qualification Data: For Installer, manufacturer, professional engineer and testing agency. 

B. Welding certificates. 

C. Design Mixes: For each concrete mix. 

D. Material Certificates: For steel reinforcements, prestressing strand and concrete admixtures. 
E. Material Test Reports: For concrete materials. For the following, from a qualified testing 


agency, indicating compliance with requirements: 
1. Aggregates 

2. Steel reinforcement 

3. Cementitious materials 


F. During the Execution of Work: submit field quality-control reports: 


1. Driving records and drilled pile installation logs, 
2. Slurry test reports (during mixing and before placing concrete in the pile excavation) 
3. Concrete test reports 
4. Welding test reports 
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G. Other Informational Submittals: 


1. Record drawings as a Takeover submittal. 


1.7 QUALITY ASSURANCE 


A. "Product, Material and Equipment shall demonstrate compliance with requirements specified 
in Section 016000 "Product Requirements". 


B. Installer Qualifications: An experienced installer that has specialized in drilled-pile work. 


Cy Testing Agency Qualifications: Qualified according to ASTM C1077, ASTM D3740, and 
ASTM E329 for testing indicated. 


D. Welding Qualifications: Qualify welding procedures and personnel according to the 
following: 


1. AWS D1.1/D1.1M, "Structural Welding Code - Steel." 
2. AWS D1.4, "Structural Welding Code - Reinforcing Steel." 


E. Drilled-Pile Standard: Comply with ACI 336.1 unless modified in this Section. 


F. Preliminary Drilled Pile: Construct preliminary drilled pile of diameter and depth and at the 
location indicated or, if not indicated, of same diameter and depth as permanent drilled piles, 
located at least five (5) diameters clear of permanent drilled piles, to demonstrate Installer's 
construction methods, equipment, standards of workmanship, and tolerances: 


1. Install reinforcement, fill with concrete, remove temporary casings, and terminate 
preliminary drilled pile 600 mm below subgrade and leave in place. 

2. Install permanent casings, excavate bell, excavate rock socket, and place slurry, as 
required for permanent drilled piles. 

3. If the Engineer determines that preliminary drilled pile does not comply with 


requirements, excavate for and cast another until it is accepted. 


1.8 FIELD/PROJECT CONDITIONS 


A. Existing Utilities: Locate existing underground utilities before excavating drilled piles. If 
utilities are to remain in place, protect from damage during drilled-pile operations. 


1. Should uncharted or incorrectly charted piping or other utilities be encountered during 
excavation, adapt drilling procedure if necessary to prevent damage to utilities. 
Cooperate with the Engineer and utility companies in keeping services and facilities in 
operation without interruption. Repair damaged utilities to the satisfaction of the 
Engineer and utility companies. 


B. Interruption of Existing Utilities: Do not interrupt any utility to facilities occupied by the 
Employer or others unless permitted under the following conditions and then only after 
arranging to provide temporary utility according to requirements indicated: 


1. Notify the Engineer no fewer than two days in advance of the proposed interruption of 
utility. 
2: Do not proceed with interruption of utility without the Engineer’s written permission. 
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C. 


D. 


E. 


Project-Site Information: A soil investigation program shall be carried out by the Contractor 
to acquire all the information deemed necessary concerning the geotechnical conditions, 
perform the design, and safely execute the construction works. The Contractor is entirely 
responsible for his own assessment, interpretation, use, and conclusions drawn from the 
information data, tests analyses, and opinions contained in geotechnical reports. 


Survey Work: Engage a qualified land surveyor or qualified engineer to perform surveys, 
layouts, and measurements for drilled piles. Before excavating, layout each drilled pile to the 
lines and levels required. Record actual measurements of each drilled pile's location, pile 
diameter, bottom and top elevations, deviations from specified tolerances, and other specified 
data. 


Record and maintain information pertinent to each drilled pile and cooperate with inspecting 
agency to provide data for required reports. 


PART 2 - PRODUCTS 


2.1 STEEL REINFORCEMENT 
A. Comply with Section 033000. 
2.2 CONCRETE MATERIALS 
A. Comply with Section 033000. 
2.3 STEEL CASINGS 
A. Steel Pipe Casings: 

Sacrificial pile casing shall be according to ASTM A 283/A 283M, Grade C, or 

ASTM A 36/A 36M, carbon-steel plate. Or in accordance to EN 10248-1 or EN 10249-1. 

Material grade to be high grade S355 GP for hot rolled steel and $355 JOC for cold formed 

steel whichever stringent. 

1. Casings shall have sufficient strength to withstand handling stresses, concrete 
pressures, and surrounding earth and fluid pressures. Casings shall be free from 
significant distortion. They shall be of uniform cross-section throughout each 
continuous length. Casings shall be clean and free from internal projections of any kind 
which might adversely affect the proper formation of piles. 

2. Piles shall be protected using sacrificial steel liner whose thickness shall be determined 
based on the exposure condition such that it survives for 75 years which is the design 
life of the bridge. Thickness to be in accordance to BSEN 1993-5—Table 4-1 and Table 
4-2. 

3. Any weld along the casing body to be jointed with full-penetration welding according 
to AWS D1.1/D1.1M 

B. Corrugated-Steel Pipe Casings: ASTM A 929/A 929M, steel sheet, zinc coated. 
C. Liners: Comply with ACI 336.1. 
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2.4 


2.5 


SLURRY 


Slurry: Pulverized bentonite, pulverized attapulgite, or polymers mixed with water to form a 
stable colloidal suspension; complying with ACI 336.1 for density, viscosity, sand content, 
and pH. 


The materials used to make the drilling slurry shall not be detrimental to concrete or the 
surrounding ground. 


The use of mineral slurry (bentonite or attapulgite) shall be verified by testing or experience 
that the mineral selected for slurry is compatible with the groundwater chemistry, especially 
at sites with low pH or contamination. 


Bentonite used for drilling slurry shall be high swelling, pure, premium grade, sodium cation 
based, consisting mainly of montmorillonite. The bentonite concentration and the density of 
the drilling slurry shall be sufficient to maintain the stability of the pile excavation, and to 
allow the proper placement of concrete. The bentonite concentration shall normally be 
between 4 and 8 percent by volume. The slurry fluid constituents shall be mixed thoroughly 
to produce a homogenous mix, which shall rest in a storage tank for at least 4 hours before 
being used, to allow for proper hydration. 


Where it is necessary to use a mineral slurry in saltwater applications, bentonite, with proper 
preparation, can be used for limited periods of time while drilling in saltwater if the makeup 
water is fresh, uncontaminated, and if additives are applied to inhibit migration of salt. 
Alternatively, attapulgite may be used in place of bentonite. As attapulgite does not tend to 
stay in suspension as bentonite, it shall require very vigorous mixing and continual remixing 
to place and keep the clay in suspension. 


Polymers may be designed to work in conjunction with bentonite or used as standalone 
support fluids. Polymer use shall be based on full-scale trial bores on the site or based on 
comparable experience in similar or worse geotechnical conditions. 


CONCRETE MIXTURES 


Comply with Section 033000. 


FABRICATING REINFORCEMENT 


Fabricate steel reinforcement according to CRSI's "Manual of Standard Practice”. 


CONCRETE MIXING 


Ready-Mixed Concrete: Measure, batch, mix, and deliver concrete according to ASTM 
C94/C94M, and furnish batch ticket information: 


1. When air temperature is between 30 and 32 deg C, reduce mixing and delivery time 
from 1-1/2 hours to 75 minutes; when air temperature is above 32 deg C, reduce mixing 
and delivery time to 60 minutes. 
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2.8 


SOURCE QUALITY CONTROL 


Testing Agency: Engage a qualified testing agency, approved by the Engineer, to evaluate 
pile manufacturer's quality-control and testing methods: 


1. Allow the testing agency access to material storage areas, concrete production 
equipment, concrete placement, and curing facilities. Cooperate with the testing 
agency, and provide samples of materials and concrete mixes as may be requested for 
additional testing and evaluation. 


Testing: Test and inspect piles according to PCI MNL-116: 

1. Strength of piles will be considered deficient if units fail to comply with requirements. 
If there is evidence that piles' strength may be deficient or may not comply with PCI MNL- 
116 requirements, the Owner will employ an independent testing agency to obtain, prepare, 


and test cores drilled from hardened concrete to determine compressive strength according to 
ASTM C42/C42M: 


1. A minimum of three representative cores shall be taken from piles of suspect strength 
from locations directed by Engineer. 

2. Cores shall be tested, following immersion in water, in a wet condition per ACI 301 if 
piles are wet under service conditions. 

3. Cores shall be tested in an air-dry condition per ACI 301 if piles are dry under service 
conditions. 

4. The strength of concrete for each series of three cores shall be considered satisfactory 


if the average compressive strength is at least 85 percent of the 28-day design 
compressive strength and no core compressive strength is less than 75 percent of the 
28-day design compressive strength. 


5. Test results shall be reported in writing on the same day that tests are performed, with 
copies to Engineer, Contractor, and pile manufacturer. Test reports shall include the 
following: 

a. Project identification name and number. 

b. Date when tests were performed. 

c. Name of precast concrete manufacturer. 

d. Name of concrete testing agency. 

e. Identification letter, name, and type of pile represented by core tests; design 


compressive strength; type of break; compressive strength at break, corrected for 
length-diameter ratio; and direction of applied load to core in relation to 
horizontal plane of concrete as placed. 


Patching: If core test results are satisfactory and piles comply with requirements, solidly fill 
core holes with patching mortar and finish to match adjacent pile surfaces. 


Piles will be considered defective if they do not pass tests and inspections. 


Prepare test and inspection reports. 
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PART 3 - EXECUTION 


3.1 


3.2 


PREPARATION 


Protect structures, utilities, sidewalks, pavements, and other facilities from damage caused by 
settlement, lateral movement, vibration, and other hazards created by drilled-pile operations. 


Comply with ACI 336.1, unless otherwise specified 


EXCAVATION 
Install drilled cast-in-place piles of the size and depth shown on the Contract Documents. 


Drilling shall be accomplished with approved bits, augers, or buckets that are suitable for 
materials being excavated. 


Drilling spoil shall be removed from the Project site as approved by the Engineer. Spoil shall 
not be allowed to accumulate or to be stockpiled on the Project site. 


The clear distance between a concreted pile and a pile under excavation shall be maintained 
at three times the diameter of the pile, unless concrete placement in the existing pile has been 
completed for at least 7 days. 


Pile excavation shall not be left open overnight without approval from the Engineer. 


The work of this section includes demolition and removal of any subsurface obstructions 
which are clearly indicated by Contract Documents or by available subsurface exploration 
data and is not considered a change in Work. 


Unclassified Excavation: Excavate to bearing elevations regardless of the character of surface 
and subsurface conditions encountered. Unclassified excavated materials may include rock, 
soil materials, and obstructions: 


1. Obstructions: Unclassified excavated materials may include removal of unanticipated 
boulders, concrete, masonry, or other subsurface obstructions. Payment for removing 
obstructions cannot be removed by conventional augers fitted with soil or rock teeth, 
drilling buckets, or underreaming tools attached to drilling equipment of size, power, 
torque, and downthrust necessary for the Work will be according to Contract provisions 
for changes in the Work. 


Classified Excavation: Excavation is classified as standard excavation, special excavation, 
and obstruction removal and includes excavation to bearing elevations as follows: 


1. Standard excavation includes excavation accomplished with conventional augers fitted 
with soil or rock teeth, drilling buckets, or underreaming tools attached to drilling 
equipment of size, power, torque, and downthrust necessary for the Work. 

2. Special excavation includes excavation that requires special equipment or procedures 
above or below indicated depth of drilled piles where drilled-pile excavation equipment 
used in standard excavation, operating at maximum power, torque, and downthrust, 
cannot advance the pile. 


a. Special excavation requires special rock augers, core barrels, air tools, blasting, 
or other methods of hand excavation. 
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b. Earth seams, rock fragments, and voids included in rock excavation area will be 
considered rock for the pile's full volume from initial contact with the rock. 


3. Obstructions: Payment for removing unanticipated boulders, concrete, masonry, or 
other subsurface obstructions that cannot be removed by conventional augers fitted 
with soil or rock teeth, drilling buckets, or underreaming tools attached to drilling 
equipment of size, power, torque, and downthrust necessary for the Work will be 
according to Contract provisions for changes in the Work. 


I. Prevent surface water from entering excavated piles. Conduct water to site drainage facilities. 


J. Excavate shafts for drilled piles to indicated elevations. Remove loose material from the 
bottom of the excavation: 


Excavate bottom of drilled piles to level plane within 1:12 tolerance. 

Remove water from excavated piles before concreting. 

Excavate rock sockets of dimensions indicated. 

Cut series of grooves about the shaft's perimeter to the height from the bottom of pile, 
vertical spacing, and dimensions indicated. 

5. Over-excavation: No payment will be made for extra length or extra width when drilled 
piles are excavated to a greater depth or diameter than required. Complete drilled pile 
and fill extra depth with concrete without additional cost to the Contract. 
Overexcavated piles will be measured and paid for to the original design or authorized 
depth. 


TOROS 


K. Notify and allow testing and inspecting agency to test and inspect the bottom of the 
excavation. If an unsuitable bearing stratum is encountered, make adjustments to drilled piles 
as determined by the Engineer: 


1. Do not excavate piles deeper than elevations indicated unless approved by the 
Engineer. 
2. Payment for additional authorized excavation will be according to Contract provisions 


for changes in the Work. 


L. End-Bearing Drilled Piles: Probe with auger to a depth below bearing elevation, equal to 
diameter or the width of the bearing area of drilled pile. Determine whether voids, clay seams, 
or solution channels exist. 


1. Unless otherwise indicated, test the first three drilled piles and one of every six drilled 
piles thereafter. 
2: Fill augur-probe holes with grout. 


M.  End-Bearing Drilled Piles: Probe with auger to a depth of 2500 mm below bottom elevation 
of pile, and visually inspect and classify soil. Verify continuity and thickness of stratum. 


1. Unless otherwise indicated test first three drilled piles and one of every six drilled piles 
thereafter. 
N. Excavate shafts for closely spaced drilled piles and for drilled piles occurring in fragile or 


sand strata only after adjacent drilled piles are filled with concrete and allowed to set. 


O. Slurry Displacement Method: Stabilize excavation with slurry maintained a minimum of 
1500 mm above groundwater level and above unstable soil strata to prevent caving or 
sloughing of pile. Maintain slurry properties before concreting. 
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P. Where a support fluid is used for maintaining the stability of a bore, a temporary casing shall 
be used in conjunction with the support fluid so as to ensure stability of the strata near ground 
level until concrete has been placed. 


1. Excavate and complete concreting of drilled pile on same day if possible, or redrill, 
clean, test slurry in excavation, re-circulate and desand or replace slurry before 
concreting. 

2: Clean bottom of each pile before concreting. 

Q. Temporary Casings: Install watertight steel casings of sufficient length and thickness to 


prevent water seepage into pile; to withstand compressive, displacement, and withdrawal 
stresses; and to maintain stability of pile walls. 


1. Remove temporary casings, maintained in plumb position, during concrete placement 
and before initial set of concrete, unless instructed otherwise. 


R. Bells: Excavate bells for drilled piles to shape, base thickness, and slope angle indicated. 
Excavate the bottom of bells to level plane and remove loose material before placing concrete. 


1. Shore bells in unstable soil conditions to prevent cave-in during excavation, inspection, 
and concreting. 


S. Tolerances: Construct drilled piles to remain within the following tolerances: 
1. Location tolerance at cut-off shall be no greater than 75 mm. 
Out-of-plumbness (verticality) of shafts shall not exceed 1/75. 
3. If location or out-of-plumb tolerances are exceeded, provide corrective construction. 
Submit design and construction proposals to the Engineer for review before 
proceeding. 


3.3 PERMANENT STEEL CASINGS 


A. Install steel casings of minimum wall thickness indicated and of diameter not less than 
diameter of drilled pile. 


1. Install casings as excavation proceeds, to maintain sidewall stability. 
Fabricate bottom edge of lowest casing section with cutting shoe capable of penetrating 
rock and achieving water seal. 


3. Connect casing sections by continuous penetration welds to form watertight, 
continuous casing. 

4. Remove and replace or repair casings that have been damaged during installation and 
that could impair strength or efficiency of drilled pile. 

5. Fill annular void between casing and pile wall with grout. 

B. Corrugated-Steel Casings: Provide corrugated-steel casings formed from zinc-coated steel 
sheet. 
1. Corrugated casings may be delivered in sections or panels of convenient length and 


field connected according to manufacturer's written instructions. 
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3.4 


3.5 


STEEL REINFORCEMENT 


Comply with recommendations in CRSI's "Manual of Standard Practice" for fabricating, 
placing, and supporting reinforcement. 


Clean reinforcement of loose rust and mill scale, earth, and other materials that reduce or 
destroy bond with concrete. 


Fabricate and install reinforcing cages symmetrically about axis of piles in a single unit. 


Accurately position, support, and secure reinforcement against displacement during 
concreting. Maintain minimum cover over reinforcement. 


Use templates to set anchor bolts, leveling plates, and other accessories furnished in work of 
other Sections. Provide blocking and holding devices to maintain required position during 
final concrete placement. 


Protect exposed ends of extended reinforcement, dowels, or anchor bolts from mechanical 
damage and exposure to weather. 


CONCRETE PLACEMENT 


Place concrete in continuous operation and without segregation immediately after inspection 
and approval of pile by the independent testing and inspecting agency and the Engineer: 


1. The concrete shall be placed without such interruption as would allow the previously 
placed batch to have achieved a stiffness which prevents proper amalgamation of the 
two concrete batches. 

2. No soil, liquid or other foreign matter shall be permitted to contaminate the concrete. 

3. The consistency of the concrete and the method of placing concrete shall be such that 
a continuous monolithic concrete pile of the specified cross-section is formed. 

4. Concrete shall be flowable or Self-Compacting, as directed and approved by the 


Engineer. 

5 Measures shall be taken to ensure that the structural strength of the concrete placed in 
the piles is not impaired through segregation. 

6. Construct a construction joint if concrete placement is delayed more than one hour. 


Level top surface of concrete and insert joint dowel bars. Before placing remainder of 
concrete, clean surface laitance, roughen, and slush concrete with commercial bonding 
agent or with sand-cement grout mixed at ratio of 1:1. 


Dry Method: Place concrete to fall vertically down the center of drilled pile without striking 
sides of pile or steel reinforcement: 


1. Where concrete cannot be directed down pile without striking reinforcement, place 
concrete via a hopper and suitable length of rigid delivery tube to ensure that the 
concrete falls vertically and centrally down the pile. 

2. The concrete level within a temporary casing shall be topped up, where necessary, 
during the course of casing extraction so that the base of the casing is always below the 
concrete surface until the casting of the pile has been completed 

3. Vibrate top 1500 mm of concrete. 
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3.6 


Slurry Displacement Method: Place concrete in slurry-filled piles by tremie methods or 
pumping. Control placement operations to ensure that tremie or pump pipe is embedded no 
fewer 1500 mm, particularly when disconnecting sections of the pipe and when recovering 
and disconnecting sections of temporary casing. For piles with a diameter greater than or 
equal to 1200 mm, the tremie pipe’s immersion into the concrete shall be at least 2500 mm, 
particularly when two or more tremie pipes are used: 


1. Concrete to be placed underwater or support slurry fluid shall be placed by a full-depth 
tremie in one continuous operation and shall not be discharged freely into the water or 
support slurry fluid. 

2; The bottom end of the tremie shall be square to the axis of the tremie and its 
circumference shall be continuous. The tremie shall be fully charged with concrete 
before it is lifted of the base of the pile. 

3) The depths to the surface of the concrete shall be measured, and the length of the tremie 
in use recorded at regular intervals corresponding to the placing of each batch of 
concrete. The depths measured and volumes placed shall be plotted immediately on a 
graph and compared with the theoretical relationship of depth against volume. 

4. The hopper and pipe of the tremie shall be clean and watertight throughout. The tremie 
pipe shall be extended to the base of the bore, and sliding plug or barrier shall be placed 
in the pipe to prevent direct contact between the first charge of concrete in the tremie 
and the water or support slurry fluid. The pipe shall at all times penetrate the concrete 
which has previously been placed with a minimum embedment of 3000 mm and shall 
not be completely withdrawn from the concrete until completion of concreting. 


Temporary casings shall be extracted while the concrete within them remains sufficiently 
workable to ensure that the concrete is not lifted. When the casing is being extracted, a 
sufficient quantity of concrete shall be maintained within it to ensure that the pile is neither 
reduced in section nor contaminated. Coordinate withdrawal of temporary casings with 
concrete placement to maintain at least a 1500 mm head of concrete above bottom of casing. 


Screed concrete at cutoff elevation level and apply scoured, rough finish. Where cutoff 
elevation is above the ground elevation, form top section above grade and extend pile to the 
required elevation. 


According to ACI 301, protect concrete work from low temperatures that could cause physical 
damage or reduced strength. 


If hot-weather conditions exist that would seriously impair the quality and strength of 
concrete, place concrete according to ACI 301 to maintain the delivered temperature of 
concrete at no more than 32 deg C: 


1. Place concrete immediately on delivery. Keep exposed concrete surfaces and formed 
pile extensions moist by fog sprays, wet burlap, or other effective means for a minimum 
of seven days. 


FIELD QUALITY CONTROL 


Special Inspections: Engage a qualified special inspector to perform the following special 
inspections: 


1. Drilled piles. 


oe Excavation. 
3. Concrete. 
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Steel reinforcement welding. 

Axial Compression Static-Load Test, 
Axial Tension Static-Load Test 
Lateral Load Test 

Non-Destructive Integrity Test 


20: SON E 


B. Testing Agency: Engage a qualified independent testing agency, approved by the Engineer, 
to sample materials, perform tests and submit test reports during excavation and concrete 
placement for drilled piles. 


C. Drilling Slurry Tests: 


1. Sample and test each batch of freshly prepared or reconstituted slurry and obtain 
approval prior to using in excavations. 
2. Test at least one sample from the base and one sample from the top of each excavation, 


immediately prior to placing steel and concrete. 
3. The frequency of drilling control tests shall be as follows: 


a. Slurry density, viscosity and sand content shall be tested in each pile excavation 
during excavation at least daily, upon completion of the pile excavation, 
immediately prior to concreting, after each rainfall, and as directed by the 
Engineer. 


1) Slurry pH and filtrate loss shall be tested at the mixing plant at least daily. 


b. The Engineer may vary frequency of sampling and testing when a working 
pattern has been established. 


4. Tests and Compliance: Comply with ACI 336.1 values measured at 20 deg. C. 

5 Slurry sand content determined on a sample taken from a depth of 1.5 m above the 
bottom of the excavation, taken immediately prior to concreting, shall not exceed 4 
percent. If the sand content exceeds 4 percent, desanding shall be required until 
subsequent tests show that the sand content meets the requirements. 


6. Slurry filtrate loss shall not exceed 20 cm? as measured by the standard filter press 
method. 
D. _ Drilled-Pile Tests and Inspections: For each drilled pile, before concrete placement. 
1. Soil Testing: Bottom elevations, bearing capacities, and lengths of drilled piles 


indicated have been estimated from available soil data. Actual elevations and drilled- 
pile lengths, and bearing capacities will be determined by testing and inspecting 
agency. Final evaluations and approval of data will be determined by the Engineer. 


E. Concrete Tests and Inspections: ASTM C172/C172M except modified for slump to comply 
with ASTM C94/C94M. 


1. Slump: ASTM C143/C143M; one test at point of placement for each compressive- 
strength test but no less than one test for each concrete load. 

2. Concrete Temperature: ASTM C1064/C1064M; one test hourly when air temperature 
is 4 deg C and below and 27 deg C and above, and one test for each set of compressive- 
strength specimens. 

3. Compression Test Specimens: ASTM C31/C31M; one set of four standard cylinders 
for each compressive-strength test unless otherwise indicated. Mold and store 
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cylinders for laboratory-cured test specimens unless field-cured test specimens are 
required. 

4. Compressive-Strength Tests: ASTM C39; one set for each drilled pile but not more 
than one set for each truck load. One specimen will be tested at 7 days, 2 specimens 
will be tested at 28 days, and 1 specimen will be retained in reserve for later testing if 
required. 

5. If frequency of testing will provide fewer than five strength tests for a given class of 
concrete, testing will be conducted from at least five randomly selected batches or from 
each batch if fewer than five are used. 

6. If strength of field-cured cylinders is less than 85 percent of companion laboratory- 
cured cylinders, Contractor shall evaluate operations and provide corrective procedures 
for protecting and curing in-place concrete. 

7. Strength of each concrete mixture will be satisfactory if every average of any three 
consecutive compressive-strength tests equals or exceeds specified compressive 
strength and no compressive-strength test value falls below specified compressive 
strength by more than 3.4 MPa. 

8. Report test results in writing to the Engineer, concrete manufacturer, and Contractor 
within 48 hours of testing. List Project identification name and number, date of 
concrete placement, name of concrete testing and inspecting agency, location of 
concrete batch in Work, design compressive strength at 28 days, concrete mixture 
proportions and materials, compressive breaking strength, and type of break for both 
7- and 28-day tests in reports of compressive-strength tests. 

9. Nondestructive Testing: Tests specified under Section 316450 “Non-Destructive 
Testing of Piles”. 

10. Additional Tests: Testing and inspecting agency will make additional tests of concrete 
if test results indicate that slump, compressive strengths, or other requirements have 
not been met, as directed by the Engineer. 


a. Continuous coring of drilled piles may be required, at Contractor's expense, if 
temporary casings have not been withdrawn within specified time limits or if 
observations of placement operations indicate deficient concrete quality, 
presence of voids, segregation, or other possible defects. 


11. Perform additional testing and inspecting, at Contractor's expense, to determine 
compliance of replaced or additional work with specified requirements. 

12. Correct deficiencies in the Work that test reports and inspections indicate do not 
comply with the Contract Documents. 


F. An excavation, concrete, or a drilled pile will be considered defective if it does not pass tests 
and inspections. 


G. Prepare test and inspection reports for each drilled pile as follows: 

1. Actual top and bottom elevations. 
2; Actual drilled-pile diameter at top, bottom, and bell. 
3. Top of rock elevation. 
4. Description of soil materials. 
5. Description, location, and dimensions of obstructions. 
6. Final top centerline location and deviations from requirements. 
7. Variation of pile from plumb. 
8. Pile excavating method. 
9. Design and tested bearing capacity of bottom. 
10. Depth of rock socket. 
11. Levelness of bottom and adequacy of cleanout. 
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12. 


14. 


24. 
25. 
26. 


Properties of slurry and slurry test results at time of slurry placement and at time of 
concrete placement. 

Groundwater conditions and water-infiltration rate, depth, and pumping. 

Description, purpose, length, wall thickness, diameter, tip, and top and bottom 
elevations of temporary or permanent casings. Include anchorage and sealing methods 
used and condition and weather tightness of splices if any. 

Description of soil or water movement, sidewall stability, loss of ground, and means of 
control. 

Bell dimensions and variations from original design. 

Date and time of starting and completing excavation. 

Inspection report. 

Condition of reinforcing steel and splices. 

Position of reinforcing steel. 

Concrete placing method, including elevation of consolidation and delays. 

Elevation of concrete during removal of casings. 

Locations of construction joints. 

Concrete volume. 

Concrete testing results. 

Remarks, unusual conditions encountered, and deviations from requirements. 


3.7 DISPOSAL OF SURPLUS AND WASTE MATERIALS 


A. Disposal: Remove surplus satisfactory soil and waste material, including unsatisfactory soil, 
trash, and debris, and legally dispose of it off Employer’s property. 


END OF SECTION 316329 
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SECTION 316450 - NON-DESTRUCTIVE TESTING OF PILES 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 
A. Drawings and general provisions of the Contract, including Conditions of Contract and 
Division 01 Specification Sections, apply to this Section. 
1.2 SUMMARY 
A. Section Includes: 
1. Non-Destructive, low strain integrity testing, 
: Non-Destructive, Cross hole sonic logging testing, 
3. Verification of Pile Shaft Dimensions: Non-Destructive Mechanical Caliper Logging 
Testing 
B. Related Sections 
1. Section 316329 “Drilled Concrete Piles” 
1.3 DEFINITIONS 
A. Pile Integrity: the qualitative evaluation of the physical dimensions, continuity of a pile, and 
consistency of the pile material. 
B. Low-strain dynamic testing: a nondestructive method using lightweight equipment to assess 
only the integrity of the pile shaft. 
C: Shaft: the material forming the pile, generally concrete. 
D. Laitance: The materials which rise to the top of the concreted pile, consisting of cement, fines 
and water, having very low density. 
E. Access tubes: preformed steel or plastic tubes, or drilled boreholes, placed in the concrete to 
allow probe entry in pairs to measure pulse transmission in the concrete between the probes. 
F. Anomaly: irregularity or series of irregularities observed in an ultrasonic profile indicating a 
possible defect. 
G. Ultrasonic pulse: data for one specific depth of a short duration generated by a transmitter 
probe or sensed by the receiver probe. 
H. Measurement resolution: the minimum change in measured value that can be detected. 
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1.4 


1.5 


1.6 


1.7 


PREINSTALLATION MEETINGS 
Pre-installation Conference: Conduct conference at the Project site. 


1. Review methods and procedures related to pile testing including, but not limited to, the 
following: 


a. Schedule for testing 
b. Other items affecting successful completion. 

ACTION SUBMITTALS 

Product Data: For each type of testing specified, provide details of specific techniques and 

processes proposed to be adopted for testing. Include details of equipment and 

instrumentation, quality control and report procedures, work program, and any other 
information or special data required by the Engineer. 

Shop Drawings: 

1. Verification of pile shaft dimensions: Include details of logging equipment, 
methodology of performing the logging, and information on the software and 
algorithms used. 

INFORMATIONAL SUBMITTALS 

Qualification Data: For Installer, professional engineer and testing agency. 

For firms and persons specified in "Quality Assurance" Paragraph 1.7 A to demonstrate their 

capabilities and experience. Include lists of completed projects with project names and 

addresses, names and addresses of engineers and employers, and other information specified 


or required by the Engineer. 


Progress Reports: Daily work reports, identifying individual piles and type of testing carried 
out. 


Field quality-control reports. 

Preconstruction Photographs: Photographs or video of existing conditions of adjacent 
construction. Submit before the Work begins. 

QUALITY ASSURANCE 


"Product, Material and Equipment shall demonstrate compliance with requirements specified 
in Section 016000 "Product Requirements”. 


Testing Agency Qualifications: Qualified according to ASTM E329 for non-destructive 
testing and as complying with ISO/IEC 17025. 
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PART 2 - PRODUCTS (Not Used) 


PART 3 - EXECUTION 


3.1 


A. 


3.2 


3.3 


PREPARATION 


Protect structures, utilities, sidewalks, pavements, and other facilities from damage caused by 
settlement, lateral movement, vibration, and other hazards created by drilled-pile testing 
operations. 


NON-DESTRUCTIVE, LOW-STRAIN INTEGRITY TESTING 


Perform non-destructive, low-strain impact integrity testing of piles in accordance with 
ASTM D5882. 


Non-destructive, integrity testing is to be performed, recorded, interpreted and reported by an 
approved, experienced, independent testing agency who has specialized in non-destructive 
testing of drilled piles similar to that required for this Project. Submit proposed test result and 
report formats to the Engineer for approval before starting integrity testing. 


1. Provide all available details of the ground conditions, pile dimensions and construction 
method to the testing agency before the commencement of integrity testing, in order to 
facilitate interpretation of test results. 

2: Allow a minimum of seven days to elapse after casting before performing integrity 
testing on a pile. Obtain a written approval from the Engineer that concrete compressive 
strength is acceptable prior to performing the integrity testing. 

3. Non-destructive integrity testing shall be carried out while the piling rig is still present 
on site. Should any problems arise, remedial actions, if considered necessary, can be 
implemented. 


Perform integrity testing by the steady state vibration or other method approved by the 
Engineer, based on the measurement of the axial shaft point mobility at the pile head. 


1. Where the method of testing requires the positioning of sensing equipment on the pile 
head, break down the pile head to expose sound clean concrete, free from water, 
laitance, loose, overspill or blinding concrete, flat or level and readily accessible for 
the purpose of testing. 


In the event that any anomaly in the acoustic signal is found in the results indicating a possible 
defect in the pile, the Contractor shall report such anomalies to the Engineer immediately. 
The Contractor shall demonstrate to the Engineer that the piles is satisfactory for its intended 
use or shall carry out remedial works to the Engineer’s satisfaction. 


NON-DESTRUCTIVE CROSS HOLE SONIC LOGGING TESTING 


Sonic logging is a tool that measures alignment of partially cased or uncased shafts and 
provides the verticality, diameter and volume of a drilled shaft. 


Perform the sonic logging test in accordance with ASTM D6760. 
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3.4 


For the sonic logging of shafts, an ultrasonic echometer shall be used for the three- 
dimensional orientation, and actual dimension of the entire length shall be carried out for all 
the preliminary piles prior to concreting. The ultrasonic probe to be used shall be calibrated 
within 3 months prior to its use for the project. 


Verify access tube lengths and their condition in the presence of the Engineer at least 24 hours 
prior to conducting the test. If the access tubes do not provide access over the full length of 
the pile, repair the existing tube(s) or core additional hole(s), at no additional cost. 


Report any anomalies indicated by longer pulse arrival times and significantly lower 
amplitude/energy signals and conduct further tests as required to evaluate the extent of 
possible defects. 


If the Engineer determines a drilled pile is unacceptable based on sonic logging test, other 
tests, or observes problems during drilling pile construction, core the pile to allow further 
evaluation and repair, or replace the pile. If coring to allow further evaluation of the pile and 
repair is chosen, one or more core samples shall be taken from each unacceptable pile for full 
depth of the pile or the depth directed by the Engineer. Perform strength testing on portions 
of the core that exhibit questionable concrete. 


Sonic logging tubes shall be grouted up, after the Contractor has demonstrated that the pile is 
satisfactory, using a structural non-shrink grout approved by the Engineer. 


VERIFICATION OF PILE SHAFT DIMENSIONS: NON-DESTRUCTIVE 
MECHANICAL CALIPER LOGGING TESTING 


Caliper logging is a tool that provides a continuous measurement of the size and shape of a 
shaft along its depth and is commonly used when drilling piles. The tool measures diameter 
at specific depth across the shaft. 


Perform mechanical caliper logging test in accordance with ASTM D6167 “Standard Guide 
for Conducting Borehole Geophysical Logging: Mechanical caliper”. 


For the caliper logged shafts, caliper logging of the entire shaft length shall be carried out 
prior to concreting. A mechanical caliper having a minimum of three arms shall be used to 
carry out the logging in accordance with ASTM D6167. The caliper to be used shall be 
calibrated within 3 months prior to its use for the project and shall have a resolution not less 
than 2 mm of the measured shaft diameter. 


During shaft drilling, tolerance for verticality of each shaft shall be frequently checked as 
directed by the Engineer. In case the deviation exceeding the allowable tolerance, the 
Contractor shall propose a method of rectification for the Engineer approval prior to further 
pile installation. 


The shaft shall be considered unacceptable if any part of the pile shaft has a dimension less 
than the specified dimension of the pile. Tolerances specified in other sections of the 
Specification apply. 
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3.5 


3.6 


FREQUENCY 


Piles testing shall conform with the following minimum requirements: 


1. 


10% of the total number of working piles shall be tested using non-destructive cross 
hole sonic logging test method for piles diameter equal or more than 600 mm, ASTM 
D6760. 

100% of working piles shall be tested by using low strain integrity test and shall be 
repeated for piles statically tested, ASTM D5882. 

The following procedure shall be followed for particular tests whenever are required 
by the project specification or design conditions: 


a. 10% of working piles boreholes and all preliminary & statically tested working 
piles are to be selected randomly and tested by mechanical caliper logging, 
ASTM D6167 & ASTM D5753. 

b. Steel reinforcement and concrete strength and durability shall be tested as per 
QC Guidelines. 


TEST RECORDS 


General: Maintain accurate test records for each pile, compiled and attested to by a qualified 
professional engineer, and submit to the Engineer at the conclusion of each pile test. Include 
the following data: 


CB ponpa = 


Project name and number. 

Pile number and date of testing. 
Pile dimensions. 

Type and method of pile testing. 
Test Results 


Non-destructive low strain integrity testing and cross hole sonic logging testing: 


1. 


The interpretation of the tests shall be carried out by competent persons having at least 
five (5) years relevant experience. The Contractor shall give all available details of the 
ground conditions, pile dimensions, construction records and construction method to 
the specialist firm carrying out the testing in order to facilitate interpretation of tests. 
The preliminary test results of the tests shall be submitted to the Engineer within 24 
hours of carrying out the tests. 

The test results and findings shall be reported to the Engineer within 10 days of the 
completion of each phase of testing. 


a. Test reports should contain test results and conclusions, together with a summary 
of the method of interpretation including all assumptions, calibrations, 
corrections, algorithms and derivations used in the analyses. Also it should 
include ground conditions, pile dimensions, construction method and 
construction records (concrete usage, grout pressure records). Where results are 
presented in a graphical form, the same scales are to be used consistently 
throughout the report and the units on all scales clearly marked. 

b. For each pile tested, a typical record should be included and the interpretation 
should be based on this record. If the record is complex and not clear, the results 
may be deemed questionable. In such cases, the pile may be related to obtain a 
better record or subjected to further testing as directed by the Engineer. 


NON-DESTRUCTIVE TESTING OF PILES 316450 - Page 5 of 6 
P21161/4309-04-TD-SPC-15A-GE-01 REV 0 


RFP — Karachi Mobility Project (Yellow BRT) — PK-SMTA-334960-CW-RFP 
Procurement of Package - 4: NEW JAM SADIQ BRIDGE (Yellow Corridor Segment 3) 
Volume (2): Part (B) Specifications (2 of 2) - 316450 - Non-Destructive Testing of Piles 


Cc. Verification of Pile Shaft Dimensions: 


1. The interpretation of the tests shall be carried out by competent persons having at least 
five (5) years relevant experience. The Contractor shall give all available details of the 
ground conditions, pile dimensions, construction records and construction method to 
the specialist firm carrying out the testing in order to facilitate interpretation of tests. 


2: Submit preliminary test results to the Engineer within 24 hours of carrying out the tests. 
3. Submit test reports to the Engineer within 10 days of the completion of each phase of 
testing. 
a. Test reports should contain test results and conclusions, together with a summary 


of the method of interpretation including all assumptions, calibrations, 
corrections, algorithms and derivations used in the analyses. Where results are 
presented in a graphical form, the same scales are to be used consistently 
throughout the report and the units on all scales clearly marked. 

b. For each pile tested, a typical record should be included and the interpretation 
should be based on this record. If the record is complex and not clear, the results 
may be deemed questionable. In such cases, the pile may be related to obtain a 
better record or subjected to further testing as directed by the Engineer. 


END OF SECTION 316450 
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SECTION 321116.16 - AGGREGATE SUBBASE COURSE 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 
A. Drawings and general provisions of the Contract, including Conditions of Contract and 
Division 1 Specification Sections, apply to this Section. 
1.2 SUMMARY 
A. This Section includes aggregate for subbase course composed of crushed aggregates 
constructed on the prepared underlying course in accordance with the Specification and 
shall conform to the lines, grades, dimensions, and typical cross-section shown on the 
Drawings. 
B. Related Requirements: 
1. Section 312000 - Earth Moving - For subgrade preparation and grading. 
2. Section 321123 - Aggregate Base Course. 
3. Section 321216 - Asphalt Paving. 
4. Section 321313 - Concrete Paving. 
5 Section 321400 - Unit Paving. 
1.3 DEFINITIONS 
A. Aggregate Subbase Course: Subbase course composed of mineral aggregate uniformly 
blended and mixed with water. 
B. Subgrade: Compacted soil layer immediately below the subbase course. 
C. Subgrade Layer: 300 mm depth of soil material immediately below subbase or base course. 
D. Test Section: 2000 m? of compacted aggregate subbase course, constructed for the purpose 
of verification of Contractor’s means, methods, and equipment, and subject to approval by 
the Engineer, prior to commencement of the Works. 
E. Lot of Compacted Material: 500 m? of compacted subbase course on each layer. 
F. Utilities include on-site underground pipes, conduits, ducts, and cables, as well as 
underground services within buildings. 
1.4 PREINSTALLATION MEETINGS 
A.  Pre-installation Conference: Conduct conference at the Project site to comply with 
requirements in Division 1 Section 013100 “Project Management and Coordination”. 
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1.5 ACTION SUBMITTALS 

A. Product Data: For each type of manufactured material and product indicated. 

B. Samples: For the following: 

1. 100-kg samples, sealed in airtight containers, of each proposed aggregate material. 

C. Design Mixes: For subbase course mix, include alternate mix designs when characteristics 
of materials, project conditions, weather, test results, or other circumstances warrant 
adjustments. 

1. Provide CBR test results and moisture-density curves 

D. Field Records for the Following: 

1. Test Section. 


Verification of compliance of subgrade, in accordance with specified requirements, 
prior to placement of sub-base course. 


3. Laboratory reports; laboratory density test results for each lot. 
4. Field reports; in-place density test results for each lot. 
E. Photographs or videotape, sufficiently detailed, of existing conditions of adjoining 


construction and site improvements that might be misconstrued as damage caused by 
earthwork operations. 


F. Daily Progress Reports: Include location of all construction joints. 


G. Minutes of Preinstallation Meeting 


1.6 INFORMATIONAL SUBMITTALS 


A. Qualifications Data: For firms and persons specified in “Quality Assurance” Article to 
demonstrate their capabilities and experience. Include lists of completed projects with 
project names and addresses, names and addresses of Engineers and Employers, and any 
other information required by the Engineer. 


B. Material Test Reports: From a qualified testing agency indicating and interpreting test 
results for compliance of the following with requirements indicated, based on 
comprehensive testing of current materials: 


1. Classification according to ASTM D2487 of each on-site or quarry material proposed 
for aggregate subbase course layer. 

2: Laboratory compaction curve according to ASTM D1557 for each on-site or quarry 
material proposed for aggregate subbase course layer. 

3. Laboratory compaction curve according to AASHTO T 180 (Method D) for each on- 
site or quarry material proposed for aggregate subbase course layer 

4. Aggregate materials. 


Œ: Material Certificates: Certificates signed by the manufacturers certifying that each material 
complies with requirements. 
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1.7 QUALITY ASSURANCE 


A. Codes and Standards: Comply with the local authority advisory circulars and standards, 
except where different requirements are specified or shown on the Drawings. 


B. Installer Qualifications: Engage an experienced Installer who has completed aggregate 
subbase course similar in material, design, and extent to that indicated for this Project and 
with a record of successful in-service performance. 


C. Manufacturer Qualifications: Engage a firm experienced in manufacturing similar to that 
indicated for this Project and with a record of successful in-service performance. 


D. Testing Agency Qualifications: Demonstrate to the Engineer's satisfaction, based on the 
Engineer's evaluation of criteria, that the independent testing agency has the experience and 
capability to satisfactorily conduct the testing indicated in access with standards without 
delaying the Work. 


E. Regulatory Requirements: Conform to applicable standards of authorities having 
jurisdiction for asphalt or concrete paving work. 


F. Materials and installed work may require testing and re-testing at any time during progress 


of work. Tests, including re-testing of rejected materials or installed work, shall be done at 
Contractor’s own expense. 


1.8 FIELD/PROJECT CONDITIONS 


A. Provide a minimum 48-hour notice to the Engineer, and receive written notice to proceed, 
before interrupting any service, facility or utility operated or occupied by the Employer or 
others. 

B. Protect subbase course from rain, wind, and sun, indentation and physical damage. 

C. Finished portions of the subbase course that are used by equipment in the construction of an 


adjoining section shall be protected to prevent marring or damaging the completed work. 


D. Project Site Information: A sub-surface site investigation and test report has been prepared 
for Project and has been made available for information only. The report is not part of the 
Contract. The Contractor is entirely responsible for his own assessment, interpretation, use, 
and conclusions drawn from the information, data, tests, analyses, and opinions contained in 
any Site Investigation report discussed or related to the project conditions. 


1. Make additional test borings and conduct other exploratory operations as necessary, 
at Contractor’s own cost and expense. 


E. Traffic: Minimize interference with adjoining, roads, streets, walks, and other adjacent 
occupied or used facilities during earthwork operations. 


1. Do not close or obstruct streets, walks, or other adjacent occupied or used facilities 
without permission from Employers and authorities having jurisdiction. 
2: Provide alternate routes around closed or obstructed traffic ways if required by 


authorities having jurisdiction. 


F. Notify utilities companies and authorities having jurisdiction for area where Project is 
located before commencing earthwork operations. 
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Existing Utilities: Do not interrupt utilities serving facilities on or adjacent to Project site 
unless permitted in writing by the Engineer and then only after arranging to provide 
temporary utility services according to requirements. 


1. Notify the Engineer not less than two days in advance of proposed utility 
interruptions. 
2: Do not proceed with utility interruptions without the Engineer's written permission. 


Demolish and completely remove from site existing underground utilities indicated to be 
removed. Coordinate with utility companies to shut off services if lines are active. 


PART 2 - PRODUCTS 


2.1 


A. 


D. 


AGGREGATE 


Aggregate: Shall be either natural gravel, crushed stone, or crushed gravel. The fine 
aggregate shall consist of screenings obtained from crushed stone, gravel, or sand. 
Aggregate may be washed, if directed, to remove excessive quantities of clay, silty clay, or 
salts. 


Crushed Stone: Shall consist of hard, durable particles or fragments of stone, free from dirt, 
organic material or other objectionable matter, and shall contain not more than 8 percent of 
flat, elongated, soft, or disintegrated pieces (when tested according to U.S. Army, Corps of 
Engineers CRD-C 119-91 at 5:1 ratio). 


Crushed Gravel: Shall consist of hard durable stones, rocks, and boulders crushed to 
specified sizes and shall be free from excess flat, elongated, soft or disintegrated pieces, dirt, 
or other objectionable matter. 


The method used in production of crushed gravel shall be such that the finished product 
shall be as uniform as practicable. The crushing of the gravel shall result in a product, which 
shall have at least 90 percent by weight of particles with at least one fractured face when 
tested according to ASTM D5821. All stones, rocks, and boulders of inferior quality 
occurring in the pit shall be wasted. 


Any material passing 4.75 mm (No. 4) sieve and produced in the crushing process shall be 
incorporated in the subbase material up to the gradation limits required for the subbase 
course aggregate. 


The crushed aggregate shall meet the requirements of one of the gradations shown in Table 
1 when tested in accordance with AASHTO T 11 and T 27. 


TABLE 1: REQUIREMENTS FOR GRADATION OF AGGREGATE 


Sieve Designation (Square openings) | Percent by weight passing 
50 mm (2 in) 100 

25 mm (1 in) 75-95 

9.5 mm (3/8 in) 40 - 75 

4.75 mm (No.4) 30 - 60 

2.00 mm (No. 10) 20 - 45 

0.425 mm (No.40) 15 - 30 
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2.2 


Sieve Designation (Square openings) | Percent by weight passing 
0.075 mm (No.200) 5 - 20 


The amount of the fraction of material passing the No. 200 mesh sieve shall not exceed one 
half the fraction passing the No. 40 mesh sieve. 


The percentage of wear shall not exceed 30 percent after 500 revolutions, when tested in 
accordance with AASHTO T 96 (Los Angeles Abrasion Test). 


The crushed aggregate subbase course material shall have a 4-day soaked CBR of not less 
than 30% when compacted at 100 percent of modified proctor, AASHTO T 180 (Method D) 
and tested in accordance with AASHTO T 193. 


When tested for soundness in accordance with AASHTO T 104, the material shall not show 
signs of disintegration and the loss by weight shall not exceed 12 percent in the case of the 
sodium sulphate test and 18 percent in the case of the magnesium sulphate test. 


The portion of aggregate, including any blended material, passing the 0.425 mm (No. 40) 
mesh sieve shall have a liquid limit (LL) of not more than 25 and plasticity index (PI) of not 
more than 6 when tested in accordance with AASHTO T 89 and T 90. 


If additional fine material is required to correct the aggregate gradation, or for adjusting the 
LL or PI of the fraction passing the 0.425 mm (No. 40) sieve, it shall be uniformly blended 
and mixed with the aggregate material plant at the crushing plant or by an approved plant. 
Reworking of the material in situ to obtain the specified gradation will not be permitted. 
Additional fine material for these purposes shall be obtained from the crushing of stone, 
gravel, or natural material. 


The sand equivalent shall be 45% minimum when tested according to ASTM D2419. 
The crushed aggregate subbase course material shall have chloride content of less than 1.0 
percent and sulphate content of less than 0.5 percent when tested in accordance with BS EN 


1744-1. 


The linear shrinkage of the crushed aggregate material shall not exceed 3% when tested 
according to BS 1377-2 standard. 


The aggregate shall not contain more than 10% of clay lumps and friable particles when 
tested according to ASTM C142/ C142M. 

EQUIPMENT 

Equipment used to handle, place, spread, moisten, compact, and finish the subbase course 


shall be on the site in first-class working condition, and approved by the Engineer before 
construction is permitted to start. 
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PART 3 - EXECUTION 


3.1 


A. 


3.2 


3.3 


3.4 


OPERATION AT SOURCES OF SUPPLY 


All work involved in clearing and grubbing of quarries and pits, including the handling of 
unsuitable material, shall be performed at Contractor’s own expense. The subbase material 
shall be obtained from approved sources. The material shall be handled in a manner that 
shall secure a uniform and satisfactory product. 


SURFACE PREPARATION 


The aggregate subbase course shall be placed directly on completed subgrade, preparation 
and the subgrade surface shall be as specified in Section 312000. 


MIXING AND SPREADING 


The subbase course material may be premixed with water, in a pugmill mixing plant or on 
site. The amount of water added, as determined, shall be such that the material will be 
uniform and within the specified moisture content range at the time of compaction. 


The Engineer may allow other methods of mixing provided such methods(s) do not reduce 
the standard of work. Demonstrate, in the presence of the Engineer, the ability to attain the 
requirement given in the Specification. 


Premixed material shall be placed on the subgrade in a uniform layer not less than 75 mm 
nor more than 150 mm of compacted thickness, unless the Contractor can prove by 
successful trial sections that a maximum of 200 mm compacted thickness can achieve the 
specified degree of compaction in sub-clause 3.5.C. 


The subbase course material shall be placed to the required width using a self-propelled 
spreader or motor grader and shall be delivered such that it is ready for compaction without 
further shaping. 


The material shall not be handled in such a way as to cause segregation. If the spreader 
causes segregation in the material or leaves ridges or other objectionable marks on the 
surface which cannot be readily eliminated or prevented by adjustment of the spreader 
operation, the use of such spreader shall forthwith be discontinued and it shall be replaced 
by a spreader capable of spreading the material in a proper manner. 


Segregated material shall be removed and replaced with well graded material. "Skin" 
patching will not be permitted. Only minor surface manipulation and watering to achieve the 
required surface tolerances will be permitted during the compaction process. 


Hauling or placement of material will not be permitted when, in the judgement of the 
Engineer, the weather or surface conditions are such that hauling operations will cause 
cutting or rutting of subgrade or cause contamination of the subbase course material. 


COMPACTION 


Compaction: Plan the sequence of operations so that the least amount of water will be lost 
by evaporation from uncompleted surfaces. If placing of succeeding layer of material is 
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3.5 


delayed to the extent that additional water is required to prevent raveling or excessive 
drying, the application of such water shall be carried out in an approved manner and at 
Contractor’s own expense. 


Subbase course: material shall be compacted by means of approved compaction equipment, 
progressing gradually from the outside towards the center, with each succeeding pass 
uniformly overlapping the previous pass. 


Rolling: Continue until the entire thickness of each subbase layer is thoroughly and 
uniformly compacted to 100 percent, as per AASHTO T 180 (Method D), maximum 
density. 


1. Final rolling of the completed course shall be by means of an approved self-propelled 
roller. 

2. Rolling shall be accompanied by sufficient blading, to ensure a smooth surface, free 
from ruts or ridges and having the proper shape. 

3. When additional water is required, it shall be applied in an approved manner. 


Areas Inaccessible to Normal Compaction: Compact by use of portable mechanical tampers 
until the required standard of compaction is achieved, or to the satisfaction of the Engineer. 


Each layer shall be completely compacted and approved prior to delivery of materials for 
the following layer. 


Prior to placing a following layer, the surface shall be made sufficiently moist as directed, to 
ensure proper bond between the layers. 


Edges and Edge Slopes of the Subbase Course: Bladed or otherwise dressed to conform to 
the lines and dimensions shown on the Drawings and to present straight, neat lines and 
slopes as free of loose material as practicable. 


Material which has dried out prior to final compaction, or which has dried and decompacted 
subsequent to final compaction, shall be watered and recompacted using approved 
equipment and procedures. If unable to return the material to its original or specified 
condition with respect to compaction, thickness and surface tolerances, for the final layer 
only, scarify the material and reconstruct the subbase course on a re-approved sub-grade 
surface or to the satisfaction of the Engineer. 


TOLERANCES AND MAINTENANCE OF COMPLETED SUBBASE 


Compacted and Completed Subbase Course: Conform to the lines, grades and cross sections 
as shown on the Drawings. 


Elevations of the Finished Subbase Course: Checked in the presence of the Engineer at 
intervals of 20m on straight lines and of 10m on curves, and at intermediate points as 
directed. 


Tolerances (for final only): Elevations of finished surface shall not exceed + 10mm or - 
15mm. 


Finished Surface: When tested with a 4.0 m long straightedge, placed parallel to, or at right 
angles to the centerline, the maximum deviation of the surface from the testing edge 
between any 2 contact points shall not exceed 12 mm. 
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E. Specified Tolerances: Areas which exceed shall be corrected by removing the defective 
sections of subbase course and reconstructing them or, by scarifying and adding new 
material and recompacting and finishing to the specified standard. 


F. Completion and Acceptance of the Subbase Course: Maintained at Contractor’s own 
expense as follows: 


1. The surface shall be broomed, rolled, and otherwise maintained, keeping it free from 
raveling and other defects until such time as the following course is placed. 
2. Water shall be applied at such times and in such quantities as directed. 


3.6 FIELD QUALITY CONTROL 
A. — General 
1. Testing Laboratory 


a. Employ an independent testing agency to perform tests and to submit test 
reports 

b. Be responsible for taking, identifying and delivering to the test laboratory all 
test samples called for in this specification. The testing laboratory shall be 
responsible for the testing. Collect all test results and deliver them to the 
Engineer in the format and details as specified. 


B. Subbase Course Material: Test in accordance with Table 2 below after mixing with water at 
the mixing plant or in-situ compaction and if satisfactory shall be approved for use. This 
approval shall not be deemed to constitute acceptance of the subbase course for full payment 
purposes. 


C. Compaction: Test in accordance with ASTM D1556/ D1556M (Sand Cone Method) or 
ASTM D2167 (Rubber balloon Method) or ASTM D6938 (Nuclear Method). If there is a 
significant delay between the construction of any layer and the following layer, the Engineer 
may require the compaction of the lower layer to be re-verified to ensure that it has not 
loosened due to traffic, passage of construction equipment, adverse weather conditions or 
otherwise. 


3.7 REQUIRED TESTS AND MINIMUM REPETITION FOR SUBBASE COURSE 
MATERIAL: 


TABLE 2 


(A) Source of Materials (B) Control on Site (The Road) 
Required Tests Repetition Required for Required Tests Repetition Required for 
(A) all Test in (A) (B) all Tests in (B) 
1. Gradation of AS requested by 1. Proctor As requested by the 
Material the Engineer Engineer 


2. Plasticity Index and 1 sample in a 1000 2. Gradation As requested by the 
igid limit Engineer 
1 sample in a 1000 | 3. Plasticity Index and | 1 sample in pe 1000 
liquid limit 


4. CBR 1 sample in every 1000 | 4. C.B.R. 1 sample in every 1000 
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(A) Source of Materials (B) Control on Site (The Road) 


Sek Tests Repetition Required for aes Tests Repetition Required for 
all Tsn in me all Tests} in eS 
5. Sand equivalent ee simp in i 500 a sample i in nay 1000 


6. Percentage of 
fractured 
Grains/Base course 


1 sample in every 500 
m3 


As requested by the 


Engineer 6. Sand Equivalent 


7. Clay lumps & 
friable 


(combined aggregate) Particles 


8. Sulphate content 1 sample in every 1000 8. Field Density 1 sample in every 500 
(combined aggregate) m3 m3 


9. Flakiness and 
Elongation (combined 


aggregate) 


7. Chloride content 1 sample in aed 1000 


1 sample in aa 1000 


1 sample in every 1000 9. Thickness As requested by the 
m3 Engineer 


3.8 PROTECTION 


A. Do not perform work when the Engineer determines that weather or other conditions are 
such that construction operations will damage the finished work. 


B. Do not haul over aggregate subbase without approval. Repair damages resulting from 
occasional routing of equipment over the work. 


C. Following the completion of the aggregate subbase course, all maintenance work necessary 
to keep the subbase course in a condition satisfactory for further work shall be performed. 


END OF SECTION 321116.16 
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SECTION 321123 - AGGREGATE BASE COURSE 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 
A. Drawings and general provisions of the Contract, including Conditions of Contract and 
Division 1 Specification Sections, apply to this Section. 
1.2 SUMMARY 
A. This Section includes aggregate for base course composed of crushed aggregates 
constructed on the prepared underlying course in accordance with the Specification and 
shall conform to the lines, grades, dimensions and typical cross-section shown on the 
Drawings. 
B. Related Requirements 
1. Section 312000 - Earth Moving - For subgrade preparation and grading. 
2. Section 321123 - Aggregate Base Course. 
3. Section 321216 - Asphalt Paving. 
4. Section 321313 - Concrete Paving. 
5 Section 321400 - Unit Paving. 
1.3 DEFINITIONS 
A. Aggregate Base Course: Base course composed of mineral aggregate uniformly blended and 
mixed with water. 
B. Subgrade: Compacted soil layer immediately below the base course. 
C. Subgrade Layer: 300 mm depth of soil material immediately below subbase or base course. 
D. Test Section: 2000 m? of compacted aggregate base course, constructed for the purpose of 
verification of Contractor’s means, methods and equipment, and subject to approval by the 
Engineer, prior to commencement of the Works. 
E. Lot of Compacted Material: 500 m? of compacted base course on each layer. 
F. Utilities include on-site underground pipes, conduits, ducts, and cables, as well as 
underground services within buildings. 
1.4 PREINSTALLATION MEETINGS 
A.  Pre-installation Conference: Conduct conference at the Project site to comply with 
requirements in Division 1 Section 013100 “Project Management and Coordination”. 
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1.5 ACTION SUBMITTALS 


Product Data: For each type of manufactured material and product indicated. 


B. Samples: For the following: 

1. 100-kg samples, sealed in airtight containers, of each proposed aggregate material. 

C. Design Mixes: For base course mix, include alternate mix designs when characteristics of 
materials, project conditions, weather, test results, or other circumstances warrant 
adjustments. 

1. Provide CBR test results and moisture-density curves 

D. Field Records for the Following: 

1. Test Section. 


Verification of compliance of subgrade, in accordance with specified requirements, 
prior to placement of sub-base course. 


3. Laboratory reports; laboratory density test results for each lot. 
4. Field reports; in-place density test results for each lot. 
E. Photographs or videotape, sufficiently detailed, of existing conditions of adjoining 


construction and site improvements that might be misconstrued as damage caused by 
earthwork operations. 


F. Daily Progress Reports: Include location of all construction joints. 


Minutes of Preinstallation Meeting 


1.6 INFORMATIONAL SUBMITTALS 


A. Qualifications Data: For firms and persons specified in “Quality Assurance” Article to 
demonstrate their capabilities and experience. Include lists of completed projects with 
project names and addresses, names and addresses of Engineers and Employers, and any 
other information required by the Engineer. 


B. Material Test Reports: From a qualified testing agency indicating and interpreting test 
results for compliance of the following with requirements indicated, based on 
comprehensive testing of current materials: 


1. Classification according to ASTM D2487 of each on-site or quarry material proposed 
for aggregate base course layer. 

2: Laboratory compaction curve according to ASTM D1557 for each on-site or quarry 
material proposed for aggregate base course layer. 

3. Laboratory compaction curve according to AASHTO T 180 (Method D) for each on- 
site or quarry material proposed for aggregate base course layer 

4. Aggregate materials. 


C. Material Certificates: Certificates signed by the manufacturers certifying that each material 
complies with requirements. 
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1.7 QUALITY ASSURANCE 


A. Codes and Standards: Comply with the local authority advisory circulars and standards, 
except where different requirements are specified or shown on the Drawings. 


B. Installer Qualifications: Engage an experienced Installer who has completed aggregate base 
course similar in material, design, and extent to that indicated for this Project and with a 
record of successful in-service performance. 


C: Manufacturer Qualifications: Engage a firm experienced in manufacturing similar to that 
indicated for this Project and with a record of successful in-service performance. 


D. Testing Agency Qualifications: Demonstrate to the Engineer's satisfaction, based on the 
Engineer's evaluation of criteria, that the independent testing agency has the experience and 
capability to satisfactorily conduct the testing indicated in access with standards without 
delaying the Work. 


E. Regulatory Requirements: Conform to applicable standards of authorities having 


jurisdiction for asphalt or concrete paving work. 


F. Materials and installed work may require testing and re-testing at any time during progress 
of work. Tests, including re-testing of rejected materials or installed work, shall be done at 
Contractor’s own expense. 


1.8 FIELD/PROJECT CONDITIONS 


A. Provide a minimum 48-hour notice to the Engineer, and receive written notice to proceed, 
before interrupting any service, facility or utility operated or occupied by the Employer or 
others. 

B. Protect base course from rain, wind and sun, indentation and physical damage. 

C. Finished portions of the base course that are used by equipment in the construction of an 


adjoining section shall be protected to prevent marring or damaging the completed work. 


D. Project Site Information: A sub-surface site investigation and test report has been prepared 
for Project and has been made available for information only. The report is not part of the 
Contract. The Contractor is entirely responsible for his own assessment, interpretation, use 
and conclusions drawn from the information, data, tests, analyses and opinions contained in 
any Site Investigation report discussed or related to the project conditions. 


1. Make additional test borings and conduct other exploratory operations as necessary, 
at Contractor’s own cost and expense. 


E. Traffic: Minimize interference with adjoining airfield, roads, streets, walks, and other 
adjacent occupied or used facilities during earthwork operations. 


1. Do not close or obstruct airfield, streets, walks, or other adjacent occupied or used 
facilities without permission from Employers and authorities having jurisdiction. 
2: Provide alternate routes around closed or obstructed traffic ways if required by 


authorities having jurisdiction. 


F. Notify utilities companies and authorities having jurisdiction for area where Project is 
located before commencing earthwork operations. 
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G. Existing Utilities: Do not interrupt utilities serving facilities on or adjacent to Project site 
unless permitted in writing by the Engineer and then only after arranging to provide 
temporary utility services according to requirements. 


1. Notify the Engineer not less than two days in advance of proposed utility 
interruptions. 
2: Do not proceed with utility interruptions without the Engineer's written permission. 
H. Demolish and completely remove from site existing underground utilities indicated to be 


removed. Coordinate with utility companies to shut off services if lines are active. 


PART 2 - PRODUCTS 


2.1 AGGREGATE 


A. Aggregate: Shall be either natural gravel, crushed stone or crushed gravel. The fine 
aggregate shall consist of screenings obtained from crushed stone, gravel, or sand. 
Aggregate may be washed, if directed, to remove excessive quantities of clay, silty clay or 
salts. 


B. Crushed Stone: Shall consist of hard, durable particles or fragments of stone, free from dirt, 
organic material or other objectionable matter, and shall contain not more than 8 percent of 
flat, elongated, soft, or disintegrated pieces (when tested according to U.S. Army, Corps of 
Engineers CRD-C 119-91 at 5:1 ratio). 


Q 


Crushed Gravel: Shall consist of hard durable stones, rocks, and boulders crushed to 
specified sizes and shall be free from excess flat, elongated, soft or disintegrated pieces, dirt, 
or other objectionable matter. 


D. The method used in production of crushed gravel shall be such that the finished product 
shall be as uniform as practicable. The crushing of the gravel shall result in a product, which 
shall have at least 90 percent by weight of particles with at least one fractured face when 
tested according to ASTM D5821. All stones, rocks, and boulders of inferior quality 
occurring in the pit shall be wasted. 


E. Any material passing 4.75 mm (No. 4) sieve and produced in the crushing process shall be 
incorporated in the base material up to the gradation limits required for the base course 
aggregate. 

F. The crushed aggregate shall meet the requirements of one of the gradation shown in Table 1 


when tested in accordance with AASHTO T 11 and T 27. 


TABLE 1: REQUIREMENTS FOR GRADATION OF AGGREGATE 


Sieve Designation (Square openings) | Percent by weight passing 
50 mm (2 in) 

37 mm (1 % in) 95 - 100 

25 mm (1 in) 70-95 

19 mm (34 in) 55-85 

9.5 mm (3/8 in) 40 -70 

4.75 mm (No.4) 30 - 60 

0.60 mm (No.30) 12 - 30 
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2.2 


Sieve Designation (Square openings) | Percent by weight passing 
0.425 mm (No.40) - 
0.075 mm (No.200) 5 - 10 


The amount of the fraction of material passing the No. 200 mesh sieve shall not exceed one 
half the fraction passing the No. 40 mesh sieve. 


The percentage of wear shall not exceed 30 percent after 500 revolutions, when tested in 
accordance with AASHTO T 96 (Los Angeles Abrasion Test). 


Aggregates shall have a Flakiness Index and Elongation Index of 35% maximum when 
tested according to BS EN 933-3 and BS 812-117 standard respectively. 


The crushed aggregate base course material shall have a 4-day soaked CBR of not less than 
80% when compacted at 100 percent of Modified Proctor AASHTO T 180 (Method D) and 
tested in accordance with AASHTO T 193. 


When tested for soundness in accordance with AASHTO T 104, the material shall not show 
signs of disintegration and the loss by weight shall not exceed 12 percent in the case of the 
sodium sulphate test and 18 percent in the case of the magnesium sulphate test. 


The portion of aggregate, including any blended material, passing the 0.425 mm (No. 40) 
mesh sieve shall have a liquid limit (LL) of not more than 25 and plasticity index (PI) of not 
more than 4 when tested in accordance with AASHTO T 89 and T 90. 


If additional fine material is required to correct the aggregate gradation, or for adjusting the 
LL or PI of the fraction passing the 0.425 mm (No. 40) sieve, it shall be uniformly blended 
and mixed with the aggregate material plant at the crushing plant or by an approved plant. 
Reworking of the material in-situ to obtain the specified gradation will not be permitted. 
Additional fine material for these purposes shall be obtained from the crushing of stone, 
gravel, or natural material. 


The sand equivalent shall be 50% minimum when tested according to ASTM D2419. 
The crushed aggregate base course material shall have chloride content of less than 0.8 
percent and sulphate content of less than 0.50 percent when tested in accordance with BS 


812-117. 


The linear shrinkage of the crushed aggregate material shall not exceed 3% when tested 
according to BS 1377-2 standard. 


The aggregate shall not contain more than 8% of clay lumps and friable particle when tested 
according to ASTM C142/ C142M. 

EQUIPMENT 

Equipment used to handle, place, spread, moisten, compact and finish the base course shall 


be on the site in first-class working condition, and approved by the Engineer before 
construction is permitted to start. 
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PART 3 - EXECUTION 


3.1 


A. 


3.2 


3.3 


OPERATION AT SOURCES OF SUPPLY 


All work involved in clearing and grubbing of quarries and pits, including the handling of 
unsuitable material, shall be performed at Contractor’s own expense. The base material shall 
be obtained from approved sources. The material shall be handled in a manner that shall 
secure a uniform and satisfactory product. 


SURFACE PREPARATION 


The aggregate base course shall be placed directly on completed subgrade, preparation and 
the subgrade surface shall be as specified in Section 312000. 


MIXING AND SPREADING 


The base course material may be premixed with water, in a pugmill mixing plant or on site. 
The amount of water added, as determined, shall be such that the material will be uniform 
and within the specified moisture content range at the time of compaction. 


The Engineer may allow other methods of mixing provided such methods(s) do not reduce 
the standard of work. Demonstrate, in the presence of the Engineer, the ability to attain the 
requirement given in the Specification. 


Premixed material shall be placed on the subgrade in a uniform layer not less than 75 mm 
nor more than 150 mm of compacted thickness, unless the Contractor can prove by 
successful trial sections that a maximum of 200 mm compacted thickness can achieve the 
specified degree of compaction in sub-clause 3.5.C. 


The base course material shall be placed to the required width using a self-propelled 
spreader or motor grader and shall be delivered such that it is ready for compaction without 
further shaping. 


The material shall not be handled in such a way as to cause segregation. If the spreader 
causes segregation in the material or leaves ridges or other objectionable marks on the 
surface which cannot be readily eliminated or prevented by adjustment of the spreader 
operation, the use of such spreader shall forthwith be discontinued and it shall be replaced 
by a spreader capable of spreading the material in a proper manner. 


Segregated material shall be removed and replaced with well graded material. "Skin" 
patching will not be permitted. Only minor surface manipulation and watering to achieve the 
required surface tolerances will be permitted during the compaction process. 


Hauling or placement of material will not be permitted when, in the judgement of the 
Engineer, the weather or surface conditions are such that hauling operations will cause 
cutting or rutting of subgrade or cause contamination of the base course material. 
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3.5 


3.4 


COMPACTION 


Compaction: Plan the sequence of operations so that the least amount of water will be lost 
by evaporation from uncompleted surfaces. If placing of succeeding layer of material is 
delayed to the extent that additional water is required to prevent raveling or excessive 
drying, the application of such water shall be carried out in an approved manner and at 
Contractor’s own expense. 


Base course: material shall be compacted by means of approved compaction equipment, 
progressing gradually from the outside towards the center, with each succeeding pass 
uniformly overlapping the previous pass. 


Rolling: Continue until the entire thickness of each base layer is thoroughly and uniformly 
compacted to 100 percent, as per AASHTO T 180 (Method D), maximum density. 


1. Final rolling of the completed course shall be by means of an approved self-propelled 
roller. 

2e Rolling shall be accompanied by sufficient blading, to ensure a smooth surface, free 
from ruts or ridges and having the proper shape. 

3: When additional water is required, it shall be applied in an approved manner. 


Areas Inaccessible to Normal Compaction: Compact by use of portable mechanical tampers 
until the required standard of compaction is achieved, or to the satisfaction of the Engineer. 


Each layer shall be completely compacted and approved prior to delivery of materials for 
the following layer. 


Prior to placing a following layer, the surface shall be made sufficiently moist as directed, to 
ensure proper bond between the layers. 


Edges and Edge Slopes of the base Course: Bladed or otherwise dressed to conform to the 
lines and dimensions shown on the Drawings and to present straight, neat lines and slopes as 
free of loose material as practicable. 


Material which has dried out prior to final compaction, or which has dried and decompacted 
subsequent to final compaction, shall be watered and recompacted using approved 
equipment and procedures. If unable to return the material to its original or specified 
condition with respect to compaction, thickness and surface tolerances, for the final layer 
only, scarify the material and reconstruct the base course on a re-approved sub-grade surface 
or to the satisfaction of the Engineer. 


TOLERANCES AND MAINTENANCE OF COMPLETED BASE 


Compacted and Completed Base Course: Conform to the lines, grades and cross sections as 
shown on the Drawings. 


Elevations of the Finished base Course: Checked in the presence of the Engineer at intervals 
of 20m on straight lines and of 10m on curves, and at intermediate points as directed. 


Tolerances (for final only): Elevations of finished surface shall not exceed + 10mm or - 
15mm. 


AGGREGATE BASE COURSE 321123 - Page 7 of 9 
P21161/4309-04-TD-SPC-15A-GE-01 REV 0 


RFP — Karachi Mobility Project (Yellow BRT) — PK-SMTA-334960-CW-RFP 
Procurement of Package - 4: NEW JAM SADIQ BRIDGE (Yellow Corridor Segment 3) 
Volume (2): Part (B) Specifications (2 of 2) - 321123 - Aggregate Base Course 


3.6 


Finished Surface: When tested with a 4.0 m long straightedge, placed parallel to, or at right 
angles to the centerline, the maximum deviation of the surface from the testing edge 
between any 2 contact points shall not exceed 12 mm. 


Specified Tolerances: Areas which exceed shall be corrected by removing the defective 
sections of base course and reconstructing them or, by scarifying and adding new material 
and recompacting and finishing to the specified standard. 


Completion and Acceptance of the base Course: Maintained at Contractor’s own expense as 
follows: 


1. The surface shall be broomed, rolled and otherwise maintained, keeping it free from 
raveling and other defects until such time as the following course is placed. 
2. Water shall be applied at such times and in such quantities as directed. 


The base shall be sealed with prime coat before it is dried out. If the surface has dried out 
then light watering and recompaction may be done before applying prime coat. If full depth 
is dry, the whole base shall be removed and replaced. 


FIELD QUALITY CONTROL 
General 
1. Testing Laboratory 


a. Employ an independent testing agency to perform tests and to submit test 
reports 

b. Be responsible for taking, identifying and delivering to the test laboratory all 
test samples called for in this specification. The testing laboratory shall be 
responsible for the testing. Collect all test results and deliver them to the 
Engineer in the format and details as specified. 


Base Course Material: Test in accordance with Table 2 below after mixing with water at the 
mixing plant or in-situ compaction and if satisfactory shall be approved for use. This 
approval shall not be deemed to constitute acceptance of the base course for full payment 
purposes. 


Compaction: Test in accordance with ASTM D1556/ D1556M (Sand Cone Method) or 
ASTM D2167 (Rubber balloon Method) or ASTM D6938 (Nuclear Method). If there is a 
significant delay between the construction of any layer and the following layer, the Engineer 
may require the compaction of the lower layer to be re-verified to ensure that it has not 
loosened due to traffic, passage of construction equipment, adverse weather conditions or 
otherwise. 


AGGREGATE BASE COURSE 321123 - Page 8 of 9 
P21161/4309-04-TD-SPC-15A-GE-01 REV 0 


RFP — Karachi Mobility Project (Yellow BRT) — PK-SMTA-334960-CW-RFP 
Procurement of Package - 4: NEW JAM SADIQ BRIDGE (Yellow Corridor Segment 3) 
Volume (2): Part (B) Specifications (2 of 2) - 321123 - Aggregate Base Course 


3.7 REQUIRED TESTS AND MINIMUM REPETITION FOR BASE COURSE MATERIAL: 


TABLE 2: 
(A) Source of Materials (B) Control on Site (The Road) 
Required Tests Repetition Required for Required Tests Repetition Required for 
(A) all Test in (A) (B) all Tests in (B) 
1. Gradation of AS requested by 1. Proctor As requested by the 
Material the Engineer Engineer 
2. Plasticity Index and 1 sample in every 1000 J: Gradation AS requested by the 
liquid limit m3 Engineer 
3. Abrasion 1 sample in every 1000 3. Plasticity Index and | 1 sample in every 1000 
m3 liquid limit m3 
4. CBR 1 sample in every 1000 4. CBR. 1 sample in every 1000 
m3 m3 


5; Sand equivalent 1 SR in n 500 1 sample i oe ae 1000 


6. Percentage of 
fractured 
Grains/Base course 


As requested by the 
Engineer 


1 sample in every 500 


6. Sand Equivalent m3 


7. Clay lumps & 
friable 
(combined aggregate) Particles 


8. Sulphate content 1 sample in every 1000 8i Field Density 1 sample in every 500 
(combined aggregate) m3 m3 


9. Flakiness and 


7. Chloride content 1 sample in ane 1000 1 sample in ae 1000 


Elongation (combined Lemp meery au 9. Thickness As requested by the 
m3 Engineer 
aggregate) 
3.8 PROTECTION 
A. Do not perform work when the Engineer determines that weather or other conditions are 


such that construction operations will damage the finished work. 


B. Do not haul over aggregate base without approval. Repair damages resulting from 
occasional routing of equipment over the work. 


C Following the completion of the aggregate base course, all maintenance work necessary to 
keep the base course in a condition satisfactory for further work shall be performed. 


END OF SECTION 321123 
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SECTION 321133 - CEMENT-TREATED AND CEMENT BOUND BASE COURSE 


PART 1 - GENERAL 


1.1 


A. 


1.2 


1.3 


1.4 


RELATED DOCUMENTS 


Drawings and general provisions of the Contract, including Conditions of Contract and 
Division 1 Specification Sections, apply to this Section. 


SUMMARY 
This Section includes the following: 


1. Preparation and placement of a cement-treated and/or cement bound base course 
under the Portland cement concrete pavement in conformity to the lines, grades, 
dimensions, and typical cross-sections shown on the drawings. 

2: Construction of longitudinal and transverse joints as specified. 


Related Requirements 


1. Section 312000 - Earth Moving - For subgrade preparation and grading. 


DEFINITIONS 

Cement-treated and/or cement bound base course consists of a base course composed of 
mineral aggregate and cement uniformly blended and mixed with water. 

Subgrade: the compacted soil layer immediately below the subbase or base course. 


Test Section: area of 1000 m2 of compacted cement-treated and/or cement bound base 
course to be constructed, and approved by the Engineer, prior to commencement of the main 
construction. The purpose of the Test Section is to verify the compaction method. 


Lot of compacted material: area of 500 m2 of compacted cement-treated and/or cement 


bound base course. 


Utilities include on-site underground pipes, conduits, ducts, and cables, as well as 
underground services within buildings. 


PREINSTALLATION MEETINGS 


Pre-installation Conference: Conduct conference at the Project site to comply with 
requirements in Division 1 Section 013100 “Project Management and Coordination”. 
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1.5 ACTION SUBMITTALS 
A. Product Data: For each type of manufactured material and product indicated. 
B. Test Reports: Submit the following reports directly to the Engineer from the testing services. 
1. Test reports and product data verifying the suitability of aggregate, cement, 
bituminous material, and other materials as requested by the Engineer. 

2; Test report on preliminary design of base mix, to include compressive strength test 
results and moisture-density curves. 

3. Test report on Test Section 

4. Verification of compliance of subgrade, in accordance with specified requirements, 
prior to placement of base course. 

C. Laboratory reports; laboratory density test results for each lot. 

D. Field reports; in-place density test results for each lot. 

E. Daily progress reports, to include location of all construction joints. 

F. Minutes of Preinstallation Meeting 

1.6 QUALITY ASSURANCE 

A. Codes and standards: comply with the Provisions of the Federal Aviation Administration 
advisory circulars and standards, except where different requirements are specified or shown 
on the drawings. 

B. Testing and Inspection Service: employ and pay for a qualified independent testing 
laboratory, acceptable to the Engineer, to perform material evaluation, mix design and 
quality control testing. 

C: Materials and installed work may require testing and re-testing at anytime during progress 
of work. Tests, including re-testing of rejected materials or installed work, shall be done at 
Contractor’s own expense. 

D. After the cement treated base has been spread on the subgrade and before initial 
compaction, the cement content of the completed mixture of cement treated base must not 
vary from the specified cement content by more than 0.6 percent of the weight of the dry 
aggregate. 

1.7 FIELD/PROJECT CONDITIONS 

A. Provide a minimum 48-hour notice to the Engineer, and receive written notice to proceed, 
before interrupting any service, facility or utility operated or occupied by the Employer or 
others. 

B. Protect cement-treated and/or cement bound base course from rain, wind and sun, 
indentation, and physical damage. 

C. Finished portions of the cement-treated and/or cement bound base course that are used by 
equipment in the construction of an adjoining section shall be protected to prevent marring 
or damaging the completed work. 
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T 


Traffic: Minimize interference with adjoining roads, streets, walks, and other adjacent 
occupied or used facilities during earthwork operations. 


1. Do not close or obstruct streets, walks, or other adjacent occupied or used facilities 
without permission from Employers and authorities having jurisdiction. 
2. Provide alternate routes around closed or obstructed traffic ways if required by 


authorities having jurisdiction. 


Notify utilities companies and authorities having jurisdiction for area where Project is 
located before commencing earthwork operations. 


Existing Utilities: Do not interrupt utilities serving facilities on or adjacent to Project site 
unless permitted in writing by the Engineer and then only after arranging to provide 
temporary utility services according to requirements indicated: 


1. Notify the Engineer not less than 48-hrs in advance of proposed utility interruptions. 
2; Do not proceed with utility interruptions without the Engineer’s written permission. 


Demolish and completely remove from site existing underground utilities indicated to be 
removed. Coordinate with utility companies to shut off services if lines are active. 


PART 2 - PRODUCTS 


2.1 


2:2 


2.3 


A. 


B. 


A. 


w > 


PORTLAND CEMENT 
Portland cement shall conform to the requirements of ASTM C150/C150M, Type I and/or 
BS EN 197-1 Type CEM I 42.5N. 


Use one brand of cement throughout the project unless otherwise acceptable to Engineer. 


WATER 


Water shall be clean, clear, and free from injurious amounts of sewage, oil, acid, strong 
alkalis, or vegetable matter, and it shall be free from clay or silt. Water is to be tested in 
accordance with the requirements of ASTM C1602 / C1602M. Drinkable water need not be 
tested. 


AGGREGATE 


The aggregate shall comply with ASTM C33/ C33M, unless specified otherwise. 


The aggregate shall be free of roots, sod, and weeds. The aggregates shall consist of hard, 
durable particles or fragments of stone, free from dirt or other objectionable matter, and 
shall not contain more than 8 percent of flat, elongated, soft, or disintegrated pieces (when 
tested according to U.S. Army, Corps of Engineers CRD-C 119-91 at 5:1 ratio). 


Aggregates suspected of containing injurious quantities of sulphates shall be examined 
petrographically in accordance with ASTM C295/ C295M. 


The method used in producing the aggregate shall be such that the finished product shall be 
as consistent as practicable. All stones and rocks of inferior quality shall be wasted. 
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E. The absorption content of the fine and coarse aggregate material shall not exceed 2% when 
tested according to ASTM C128 and ASTM C127 respectively. 
F. The aggregate shall conform to the gradation shown in Tables 1 and 2 when tested in 


accordance with ASTM C136/ C136M, as applicable for the Cement-treated Base or 
Cement Bound Base courses. 


TABLE 1: AGGREGATE GRADATION OF CEMENT-TREATED BASE COURSE 


TABLE 2: AGGREGATE GRADATION OF CEMENT-BOUND BASE COURSE 


Percentage by 
Sieve Size Weight Passing 
Sieves 
2 in. (50 mm) 100 
No. 4 (4.75 mm) 45-100 
No. 10 (1.80 mm) 37-80 
No. 40 (450 micro-m) 15-50 
No. 80 (210 micro-m) 0-25 


Percentage by 
Sieve Size Weight Passing 
Sieves 
40 mm 100 
31.5 mm 85 — 100 
25 mm 75 — 100 
20 mm 65 — 94 
10 mm 44-78 
4mm 26-61 
2mm 18 — 50 
0.5 mm 8 — 30 
0.25 mm 6-22 
0.063 mm 3-11 


G. The gradations in the 2 tables represent the limits which shall determine suitability of 
aggregate for use from the sources of supply. The final gradations decided on, within the 
limits designated in the table, shall be well graded from coarse to fine and shall not vary 
from the low limit on one sieve to the high limit on adjacent sieves, or vice versa. The 
portion of the base aggregate, including any blended material, passing the No. 40 sieve shall 
have a liquid limit of not more than 25 and a plasticity index of not more than 6 when tested 
in accordance with ASTM D4318. In the case of cement bound base, the abrasion loss of the 
coarse aggregate material shall be 35% maximum when tested according to ASTM C131/ 
C131M standard. 


H. All aggregate samples required for testing shall be furnished at Contractor’s own expense. 
Sampling shall be in accordance with ASTM D75/ D75M and will be observed by the 
Engineer. No aggregate shall be used in production of mixtures without prior approval by 
the Engineer. 


2.4 BITUMINOUS MATERIAL 


A. The types, grades and controlling specifications and application temperatures for the 
bituminous material (designated for use as curing compound) are given in Table 3. 
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B. 


The Engineer shall specify the type and grade of bituminous material to be used. 


TABLE 3: BITUMINOUS MATERIAL 


ae Application Temperature 
Type and Grade Specification Deg. C 
Cutback Asphalt 50-70 
MC-70 ASTM D2027/ D2027M 70-95 
MC-250 


PART 3 - EXECUTION 


3.1 


3.2 


3.3 


3.4 


A. 


WEATHER LIMITATION 


The cement-treated and/or cement bound base shall not be mixed or placed while the 
atmospheric temperature is below 4° C or when the weather is rainy. 


PREPARING UNDERLYING COURSE 


The underlying course shall be checked and accepted by the Engineer before placing and 
spreading operations are started. Any ruts or soft yielding places caused by improper 
drainage conditions, hauling, or any other cause shall be corrected before the cement-treated 
and/or cement bound base course is placed thereon. 


MIXING 


The design mix proportions shall be approved by the Engineer prior to placement and 
compaction. 


The cement content shall be that at which the mix develops a minimum 7-day compressive 
strength of at least 5200 kPa for both the Cement-treated and the Cement bound base 
courses. For the case of cement bound base, the average compressive strength should not be 
less than 8,000 kPa. The testing procedure shall be as follows: mold and cure specimens in 
accordance with ASTM D1632; soak specimens in water for 4 hours; cap and break 
specimens in compression in accordance with ASTM D1633. 


The aggregate shall be proportioned and mixed with cement and water in a central mixing 
plant. The plant shall be equipped with feeding and metering devices which will introduce 
the cement, aggregate, and water into the mixer in the quantities approved by the Engineer. 
Mixing shall continue until a thorough and uniform mixture has been obtained. 


PLACEMENT AND COMPACTION 


The mixture shall be transported to the job site in suitable vehicles and shall be deposited on 
the moistened subgrade in uniform layers by means of approved mechanical spreaders, not 
more than 60 minutes shall elapse between the start of moist mixing and the start of 
compaction of the cement-treated mixture on the prepared subgrade. 
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3.5 


3.6 


Immediately upon completion of the spreading operations, the mixture shall be thoroughly 
compacted. The number, type, and weight of rollers shall be approved by the Engineer in 
accordance with the requirements of Section 3.8. Any mixture that has not been compacted 
shall not be left undistributed for more than 30 minutes. 


The moisture content of the mixture at the start of compaction shall not be below nor more 
than 2 percentage points above the optimum moisture content. The optimum moisture 
content shall be determined in accordance with ASTM D558/ D558M and shall be less than 
that amount which will cause the mixture to become unstable during compaction and 
finishing. 


The maximum depth of a compacted one layer shall not exceed 150 mm, except where that 
total depth of the compacted base course is required to be greater than 150 mm, no layer 
shall be in excess of 200 mm or less than 100 mm when compacted. In multilayer 
construction, the surface of the compacted material shall be kept moist until covered with 
the next layer. Successive layers shall be placed and compacted so that the required total 
depth of the base course is completed the same day. 


Finishing operations shall be completed during daylight hours, and the completed base 
course shall conform to the required lines, grades, and cross section. If necessary, the 
surface shall be lightly scarified to eliminate any imprints made by the compacting or 
shaping equipment. The surface shall then be recompacted to the required density. The 
compaction and finishing operations shall be completed within 2 hours of the time water is 
added to the mixture and shall produce a smooth, dense surface that is free of surface 
checking, ridges, or loose material. 


CONSTRUCTION JOINTS 


At the end of each day's construction and whenever operations are delayed or stopped for 
more than 2 hours, a transverse construction joint shall be formed by a header or by cutting 
back into the compacted material to form a true vertical face free of loose material. 


Longitudinal joints shall be formed by cutting back into the compacted material to form a 
true vertical edge. 


PROTECTION AND CURING 


The completed cement-treated and/or cement bound base shall be cured with a bituminous 
curing seal applied as soon as possible and in no case later than 24 hours after completion of 
the finishing operations. The surface of the base course shall be kept moist until the 
bituminous material is applied. 


Bituminous material shall be uniformly applied at a rate of between 0.5 and 1.20 liters per 
square meter of surface. The rate of application shall be determined by trial section, as 
approved by the Engineer. 


The curing seal shall be maintained and protected for 7 days. 


Traffic and/or construction equipment should not be allowed on the finished Cement-treated 
or Cement Bound Material for 72 hours after application of the curing compound. 
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3.7 FIELD QUALITY CONTROL 


A. The cement-treated and/or cement bound base course shall be accepted for density on a lot 
basis. A lot will consist of 1000 m2 and will be divided into four equal sub-lots. One test 
shall be made for each sub-lot. Sampling locations will be determined by the Engineer on a 
random basis in accordance with statistical procedures contained in ASTM D3665. 


B. Each lot of compacted material will be accepted, with respect to density, when the average 
field density is equal to or greater than 98 percent of the maximum density of laboratory 
specimens prepared from samples of cement-treated base course taken from the material in 
place. 


C. The laboratory specimens shall be compacted and tested in accordance with ASTM D558/ 
D558M. The in-place field density shall be determined in accordance with ASTM D1556/ 
D1556M or ASTM D2167. 


D. The finished surface must be uniform and must not deviate at any point by more than 9 mm 
when tested with 4.8 m straightedge applied parallel with, or at right angles to, the centerline 
of the stabilized area. Any deviation in excess of this amount shall be corrected at own 
expense. 


E. The surface must always be kept moist until the curing seal is applied. 


3.8 TEST SECTION 


A. Prior to full production, prepare and place a quantity of the approved cement-treated and/or 
cement bound base material on the approved subgrade. The amount of cement-treated 
and/or cement bound base should be sufficient to construct a test section of an area of 1000 
m2, with a longitudinal joint in between, and shall be to the same depth specified for 
construction. 


B. Acceptance of the Test Section for density is in accordance with Section 3.7, but with a 
density greater than or equal to 99 percent of the maximum density of laboratory samples 
and a reduced lot size of 200 m7. 


C. If the test section proves to be unsatisfactory, the necessary adjustments to the compaction 
method used shall be made. The compaction method includes spreading procedures, rolling 
procedures, number, type, and weight of rollers, etc... Additional test sections shall then be 
placed and compacted until the specified requirements are met. 


D. Full production shall not begin until a satisfactory section has been constructed and accepted 
by the Engineer. 
END OF SECTION 321133 
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SECTION 321216 - ASPHALT PAVING 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including Conditions of Contract and 
Division 1 Specification Sections, apply to this Section. 


1.2 SUMMARY 
A. This Section includes the following: 


Hot-mix asphalt paving. 

Cold milling of existing hot-mix asphalt pavement. 
Bituminous concrete surface course. 

Bituminous concrete base course. 

Bituminous prime and tack coats. 

Hot-mix asphalt patching. 

Hot-mix asphalt overlay. 

Asphalt surface treatments. 

Wheel stops. 


$000: ON ON S09, WO 


B. Provide bituminous concrete pavement according to the materials, workmanship, and other 
applicable requirements of the Standard Specifications. 


1. Standard Specification: As indicated. 
C. Related Requirements: 


1. Section 024116 "Structure Demolition" for demolition, and removal of existing 
asphalt pavements. 


2: Section 312000 "Earth Moving" for subgrade preparation and grading. 

3: Section 321116.16 "Aggregate Subbase Course" for subbase courses. 

4. Section 321123 "Aggregate Base Course" for base courses. 

5: Section 321216.29 “Polymer Modified Asphalt Paving” for polymer modified asphalt 
layers. 

6. Section 321373 "Concrete Paving Joint Sealants" for joint sealants and fillers at 


pavement terminations. 
7. Section 321400 "Unit Paving". 
8. Section 321723.13 "Airfield Pavement Marking" for pavement marking paint. 


1.3 DEFINITIONS 


A. The bituminous concrete surface course surface course is the upper layer in roadway 
construction consisting of a hot mix of bituminous binder and aggregate conforming to the 
relevant gradation and other properties specified under this section. 
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B. The bituminous concrete surface course surface course is the layer underlying the 
bituminous concrete surface course in roadway construction consisting of a hot mix of 
bituminous binder and aggregate conforming to the relevant gradation and other properties 
specified under this section. 


1.4 PREINSTALLATION MEETINGS 


A. _ Preinstallation Conference: Conduct conference at Project site to comply with requirements 
of Division 1 Section "Project Management and Coordination" Review methods and 
procedures related to asphalt paving including, but not limited to, the following: 


1. Review proposed sources of paving materials, including capabilities and location of 
plant that will manufacture hot-mix asphalt. 

2. Review condition of substrate and preparatory work performed by other trades. 

3. Review requirements for protecting paving work, including restriction of traffic 
during installation period and for remainder of construction period. 

4. Review and finalize construction schedule for paving and related work. Verify 


availability of materials, paving Installer's personnel, and equipment required to 
execute the Work without delays. 


5: Review inspection and testing requirements, governing regulations, and proposed 
installation procedures. 

6. Review forecasted weather conditions and procedures for coping with unfavorable 
conditions. 


1.5 ACTION SUBMITTALS 


A. Product Data: For each product specified. Include technical data and tested physical and 
performance properties. 


B. — Job-Mix Designs: For each job mix proposed for the Works, establish an approved Job Mix 
Formula (JMF) at least 3 months before planned starting of any asphalt construction works. 


C: Submit a new JMF if you change any of the following: 


1. Target asphalt binder percentage greater than + 0.2 percent. 
2. Asphalt binder supplier 
3 Combined aggregate gradation 
4. Aggregate sources 
5: Liquid antistrip producer or dosage. 
D. Material Test Reports: Indicate and interpret test results for compliance of materials with 


requirements indicated. 


E. Shop Drawings: Indicate pavement markings, lane separations, and defined parking spaces. 
Indicate dedicated handicapped spaces with international graphics symbol. 
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1.6 INFORMATIONAL SUBMITTALS 


A. Qualification Data: For firms and persons specified in the "Quality Assurance" Article to 
demonstrate their capabilities and experience. Include lists of completed projects with 
project names and addresses, names and addresses of engineers and employers, and other 
information specified or required by Engineer. 


B. Material Certificates: Certificates signed by manufacturers certifying that each material 
complies with requirements. 


C. Quality Control (QC) Plan: At least 5 business days prior to the pre-paving meeting, submit 
a QC plan for the Hot Mix Asphalt (HMA). The QC plan must describe the organization and 
procedures for: 


Controlling HMA quality characteristics 

Taking samples, including sampling locations 
Establishing, implementing, and maintaining QC 
Determining when corrective actions are needed 
Implementing corrective actions 

Using methods and materials for backfilling core locations 


NOP OS 


D. The QC plan must address the elements affecting HMA quality, including: 


1. Aggregates 

2: Asphalt binder 
3. Additives 

4. Production 

5: Paving. 


1.7 QUALITY ASSURANCE 


A. Installer Qualifications: Engage an experienced installer who has completed hot-mix asphalt 
paving similar in material, design, and extent to that indicated for this Project and with a 
record of successful in-service performance. 


B. Manufacturer Qualifications: Engage a firm experienced in manufacturing hot-mix asphalt 
similar to that indicated for this Project and with a record of successful in-service 
performance. 

C: Testing Agency Qualifications: Demonstrate to Engineer's satisfaction, based on Engineer's 


evaluation of criteria, that the independent testing agency has the experience and capability 
to satisfactorily conduct the testing indicated in accordance with Standards, without 
delaying the Works. 


D. Regulatory Requirements: Conform to applicable standards of authorities having 
jurisdiction for asphalt paving work. 


E. Asphalt Paving Publications: Comply with Asphalt Institute’s (AI's) "The Asphalt 
Handbook", except where other requirements are stipulated. 
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1.8 


A. 


B. 


1.9 


A. 


DELIVERY, STORAGE AND HANDLING 


Deliver pavement-marking materials to Project site in original packages with seals unbroken 
and bearing manufacturer's labels containing brand name and type of material, date of 
manufacture, and directions for storage. 


Store pavement-marking materials in a clean, dry, protected location and within temperature 
range required by manufacturer. Protect stored materials from direct sunlight. 


FIELD/PROJECT CONDITIONS 


Environmental Limitations: Do not apply asphalt materials if substrate is wet or excessively 
damp or during wet weather the following conditions are not met: 


1. Prime and Tack Coats: Minimum surface temperature of 15 deg C. 
Bituminous Base Course: Minimum surface temperature of 15 deg C and rising at 
time of placement. 

3. Bituminous Surface Course: Minimum surface temperature of 15 deg C and rising at 
time of placement. 


PART 2 - PRODUCTS 


2.1 


A. 


D. 


mi 


AGGREGATE 


General: Use materials and gradations that have performed satisfactorily in previous 
installations. 


General: Crushed stone, screenings, and mineral filler, with or without sand meeting the 
specified gradation. 


Aggregates for use in the bituminous surface layers shall consist of 100% crushed stone 
from a hard, high quality Gabbro. The Polish Stone value of the coarse aggregate material 
for use in the bituminous surface layers shall be 60 minimum when tested according to BS 
812-114 standard. 


Aggregates shall consist of not more than 8 percent of flat elongated pieces according to 
U.S. Army, Corps of Engineers CRD-C119-91 or ASTM D4791. A flat particle is one 
having a ratio of width to thickness greater than five. An elongated particle is one having a 
ratio of length to width greater than five. 


Passing a stripping test (95% minimum) according to ASTM D3625/ D3625M “Standard 
Practice for Effect of Water on Bituminous-Coated Aggregate Using Boiling Water”. 
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F. Aggregates shall comply with the following 


Test Ratio 
Liquid Limit (ASTM D4318) 25 maximum 
Plasticity Index (ASTM D4318) Non-plastic 


30 percent maximum for 
bituminous base course and 25 
Loss by Abrasion Test (ASTM C131/ C131M) percent course and 25 percent 
Maximum for bituminous surface 
course 

25 percent maximum for 
bituminous base course and 20 
percent maximum for bituminous 
surface course 


Aggregate Crushing Value (BS 812-110) 


Soundness Test, Loss of Weight using Sodium 
Sulfate (5 cycle) (ASTM C88/ C88M) 

Soundness Test, Loss of Weight using Magnesium 
Sulfate (5 cycle) (ASTM C88/ C88M) 

Fine Aggregate Water Absorption (ASTM C128) 1.0 percent maximum 
Coarse Aggregate Water Absorption (ASTM C127) | 2.0 percent maximum 


10 per cent maximum 


10 percent maximum 


Chloride Content (BS 812-117) 0.1 percent maximum 
Sulphate content (BS 812-117) 0.3 per cent maximum 
Sand Equivalent (ASTM D2419) 50 minimum 


G. Aggregate particles shall be clean, hard, durable and sound. Crushing shall result in a 
product such that, for particles retained as 4.75mm (No. 4) sieve, at least 100% by weight 
shall have 1 (one) fractured faces and minimum 85% by weight having at least two fractured 
faces. 


H. Fine aggregates shall be clean and free of organic matter, clay, clay lumps or deleterious 
material. Clay lumps content shall be tested according to ASTM C142/ C142M. 


I. Addition of sand, with the approval of the Engineer, shall be limited to natural sand in a 
quantity not to exceed 15 percent of the combined weight of coarse and fine aggregate and 
mineral filler. The use of wadi, beach or dune sand is not permitted in asphalt concrete 
mixes. 


J. The fine aggregate material for the bituminous surface and base layers shall have a 
minimum angularity of 45% when tested in accordance with AASHTO T 304-Method A 
standard. 


K. Mineral Filler: Rock or slag dust, hydrated lime or hydrated cement or other inert material 
complying with ASTM D242/ D242M. 


L. The bituminous layers in the Surface Course shall mainly consist of 5 to 7.5 cm thick layers, 
and those of the Bituminous Base Course shall consist of 7 to 10cm thick layers. The 
NMAS used in the asphalt mix shall depend on the layer thickness. For guidance, the 
NMAS shall be as follows: 


Asphalt Layer Thickness, [cm] | NMAS, [mm] 
5 (max.) 12.5 
6-7.5 19.0 
8-10 25.0 
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Only for the case of the non-trafficked pavements used in the areas subjected to jet blast, 
and/or the case of road shoulders pavement, a 4cm thick bituminous surface layer shall be 
accepted. 


M. Combined aggregates meeting the following requirements when tested according to ASTM 


C136/ C136M: 

Sieve Minimum | Maximum | Minimum Maximum Minimum Maximum 
Size % Passing | % Passing | % Passing % Passing % Passing % Passing 
(mm) 12.5mm NMAS 19 mm NMAS 25mm NMAS 

37.5 100 100 100 100 100 100 
25.0 100 100 100 100 90 98 
19.0 100 100 86 100 68 90 
12.5 79 99 69 87 57 78 

9.5 68 88 58 78 49 69 
4.75 48 68 40 60 34 56 
2.36 33 53 25 45 22 42 
1.18 20 40 - - 13 29 
0.85 - - 15 30 - - 
0.600 14 30 - - 8 21 
0.425 - - 10 22 - - 
0.300 9 21 - - 6 14 
0.18 - - 6 15 - - 
0.150 6 16 - - 4 10 
0.075 3 6 2 8 3 6 

N. The aggregate material for the bituminous surface and base course layers shall satisfy the 


below conformity criteria: 


: : Bituminous Surface Course (12.5mm NMAS) 
Conformity Equations Wine Mea 
6.25mm(%) — 2.36mm(%) 
100% — 6.25mm(%) 0.5 0.65 
O.6mm(%) 
2.36mm(%) 0.35 0.5 
O0.15mm(%) 
0.6mm(%) 0.35 0.5 
: : Bituminous Surface Course (19mm NMAS) 
Conformity Equations NGS RE 
9.5mm(%) — 4.75mm(%) 
100% — 9.5mm(%) oe ma 
1.18mm(%) 
4.75mm(%) 0.35 0.5 
0.300mm(%) ane ji 
1.18mm(%) 
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2.2 


2.3 


f : Bituminous Base Course (25mm NMAS) 
Conformity Equations NERS EGER 
12.5mm(%) — 4.75mm(%) 07 0.85 
100% —12.5mm(%) 
1.18mm(%) 
4.75mm(%) 0.35 0.5 
0.300mm(%) 0.35 05 
1.18mm(%) 


Coarse Aggregate: Sound; angular crushed stone or crushed gravel; complying with 
ASTM D692/D692M. 


Fine Aggregate: Sharp-edged natural sand or sand prepared from stone or gravel, or 
combinations thereof; complying with ASTM D1073. 


ASPHALT MATERIALS 


Asphalt Cement (Bitumen Binder): ASTM D946/D946M for penetration-graded material; 
Grade 60-70 (mixing temperature 145 deg C - 165 deg C). 


Asphalt Cement (Bitumen Binder): ASTM D3381/D3381M for viscosity-graded material. 
Prime Coat: ASTM D2027/ D2027M; medium-curing cutback asphalt; MC-70. 


Prime Coat: ASTM D977, emulsified asphalt or ASTM D 2397/D2397M, cationic 
emulsified asphalt, slow setting, factory diluted in water, of suitable grade and consistency 
for application. 


Tack Coat: ASTM D977, emulsified asphalt or ASTM D 2397/D2397M, cationic 
emulsified asphalt, slow setting, factory diluted in water, of suitable grade and consistency 
for application. 


Tack Coat: ASTM D2028/D2028M;; rapid curing cutback asphalt; RC-70. 
Water: Potable. 


Asphalt material shall be obtained from approved sources, approved by the Engineer on site. 


AUXILIARY MATERIALS 

Herbicide: Commercial chemical for weed control, registered by Environmental Protection 
Agency (EPA). Provide granular, liquid, or wettable powder form. 

Sand: ASTM D1073, Grade Nos. 2 or 3. 


Paving Geotextile: AASHTO M 288, nonwoven polypropylene; resistant to chemical 
attack, rot, and mildew; and specifically designed for paving applications. 
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2.4 


Wheel Stops: Precast, air-entrained concrete, 17.2-MPa minimum compressive strength, 
approximately 150 mm high, 225 mm wide, and 2150 mm long. Provide chamfered corners 
and drainage slots on underside and provide holes for anchoring to substrate. 


1. Dowels: Galvanized steel, diameter 20 mm, minimum length 250 mm. 


Liquid Antistrip: Liquid antistrip must be from 0.25 to 1.0 percent by weight of asphalt 
binder. Do not use liquid antistrip as a substitute for asphalt binder. Liquid antistrip total 
amine value must be 325 minimum when tested under ASTM D2074. Use only one liquid 
antistrip type or brand at a time. Do not mix liquid antistrip types or brands. 


MIXES 


Hot-Mix Asphalt: Provide dense, hot-laid, hot-mix asphalt plant mixes approved by 
authorities having jurisdiction and designed according to procedures in Al's "Mix Design 
Methods for Asphalt Concrete and Other Hot-Mix Types, or in accordance with the 
Marshall method for Asphalt Institute Manual Series MS-2. However, in case the Asphalt 
mix design is required to follow the Superpave Mix Design Method, this shall be performed 
in full compliance with the method stipulated in AASHTO M323 and AI SP-2. 


1. Provide mixes with a history of satisfactory performance in geographical area where 
Project is located. 
2: Provide mixes complying with the composition, grading, and tolerance requirements 


of AASHTO M 156 for the following nominal, maximum aggregate sizes: 


a. Base Course: 25 mm. 
b. Surface Course: 19 mm. 


Combine the mineral aggregates and asphalt to conform to the following composition limits 
by weight: 


1. Total Mineral Aggregates: 


a. Bituminous Base Course 95.5 to 96.5 percent 
b. Bituminous Surface Course 95.5 to 96.5 percent 
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2 Asphaltic Binder: 


a. Bituminous Base Course 3.5 to 4.5 percent 
b. Bituminous Surface Course 3.5 to 4.5 percent 
C; Asphaltic mixtures with maximum aggregate size of 25 mm shall be tested according to 


ASTM D6926 (75 blows each face) and shall satisfy the below requirements. For asphaltic 
mixtures with maximum aggregate size greater than 25mm, testing shall be carried out 
according to ASTM D5581 (112 blows each face) but in this case the Marshall Mix 
specified properties shall be reviewed to account for the larger size aggregates to the 
satisfaction of the Engineer. 


Bituminous Surface 


Test Required Bituminous Base Course 
Course 
Marshall Stability (N) 10,000 12,000 
Flow (mm) 2-3.5 2-4 
Stiffness, minimum (N/mm) 4900 4900 
Voids in total mix, % VIM 4.0 to 7.0 percent 4.0 to 7.0 percent 


Voids in mineral aggregate based 
on maximum aggregate size, 
VMA (%) 


Min 13 (25mm NMAS) 
Min 14 (19 NMAS) 


Min 14 (19mm NMAS) 
Min 15 (12.5 NMAS) 


Voids Filled with Bitumen, VFB 


(%) 50-70 60-70 
Loss of Marshall Stability by 
submerging specimens in water at 
60 C for 24 h. compared to Max. 25% Max. 25% 
stability measured after 
submersion in water at 60°C for 
30 minutes. 
% Air Voids at Refusal ' 2 min. 2 min. 
Filler/Bitumen ratio 0.8-1.5 0.8-1.4 
D. Variation from the approved job-mix, based on results of 4 tests, shall not exceed the 
following: 
1. Aggregates passing No. 4 (4.75 mm) and larger +4 percent 
2: Aggregates passing No. 8 (2.36 mm), No. 16 
(1.18 mm), No. 30 (0.6 mm), and No. 50 (0.3 mm) +3 percent 
3. Aggregates passing No. 100 (0.15 mm) and 
No. 200 (0.075 mm) +1 percent 


4. Asphalt content 
5. Temperature of mixing and placing 


+ 0.2 percent 
+ 10 deg C 


Air voids in total mix + 1 percent 


' Prior to final approval, the proposed job mix, but with a bituminous content at the upper percentage limits shall 
be compacted to refusal, (400 to 600 blows) and the resulting voids in the mix shall not be less than 2%. 
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E. 


F. 


When tested for resistance to water damage in accordance with AASHTO T 283 
“Resistance of Compacted Asphalt Mixtures to Moisture-Induced Damage”, the bituminous 
surface course mixture shall have a retained tensile strength greater than or at least equal to 
80%. In case the anti-stripping agents are not successful in providing the specified Tensile 
Strength Ratio, then the Contractor shall consider alternative means, such as the use of 
hydrated lime to achieve this purpose. 


The asphalt mixture used in the uppermost asphalt surface layer should be tested for jet-fuel 
resistance. The asphalt mixture used in this layer shall be considered to be jet fuel resistant 
when the average loss of weight of four Marshall Specimens that were kept immersed in jet 
fuel for 24 hours is less than 2%. 


PART 3 - EXECUTION 


3.1 


A. 


3.2 


A. 


3.3 


A. 


B. 


EXAMINATION 
Verify that subgrade is dry and in suitable condition to support paving and imposed loads. 


Proof-roll the aggregate base course using heavy, pneumatic-tired rollers to locate areas that 
are unstable or that require further compaction. 


Inspect surfaces on which asphalt materials are to be placed for conformance to the required 
compaction, grades, and sections. 


Notify Engineer in writing of any unsatisfactory conditions. Do not begin paving 
installation until these conditions have been satisfactorily corrected. 


COLD MILLING 


Clean existing paving surface of loose and deleterious material immediately before cold 
milling. Remove existing asphalt pavement, including hot-mix asphalt and, as necessary, 
unbound-aggregate base course, by cold milling to grades and cross sections indicated. 


PATCHING AND REPAIRS 


All saw-cutting and breaking of defective pavements of any type, cleaning, patching, sealing 
or carrying out pavement repair works shall be coordinated with the Engineer through the 
submission of detailed method statement for every area that needs repair. The method 
statement should show the extent of patching or repair works, the steps that shall be 
followed and the materials that shall be used for each type of repair, with due consideration 
to the applicability of the proposed method and materials to each specific repair case. The 
execution shall not start before receiving the written approval of the Engineer. The 
requirements set in Clauses B, C and D below, are for guidance only and shall be 
coordinated with the approved method statement and with the Engineer on Site. 


Patching: Saw cut perimeter of patch and excavate defective pavement section to sound 
base. Recompact new subgrade. Excavate rectangular or trapezoidal patches, extending 300 
mm into adjacent sound pavement, unless otherwise indicated. Cut excavation faces 
vertically. 


1. Tack coat faces of excavation and allow to cure before paving. 
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3.4 


PA Fill excavation with dense-graded, hot-mix asphalt surface mix and, while still hot, 
compact flush with adjacent surface. 
3: Partially fill excavation with dense-graded, hot-mix asphalt base mix and compact 


while still hot. Cover asphalt base course with compacted, hot-mix surface layer 
finished flush with adjacent surfaces. 


Retain below if surface irregularities of areas to be paved exceed ability of hot-mix paver to 
correct. Leveling courses are usually applied over existing pavements before overlays or 
other surface treatments. Revise mix to a base-course mixture when appropriate. 

Leveling Course: Install and compact leveling course consisting of dense-graded, hot-mix 
asphalt surface course to level sags and fill depressions deeper than 25 mm in existing 
pavements. 

1. Install leveling wedges in compacted lifts not exceeding 75 mm thick. 

Crack and Joint Filling: Remove existing filler material from cracks or joints to a depth of 6 
mm. Refill with asphalt joint-filling material to restore watertight condition. Remove 


excess filler that has accumulated near cracks or joints. 


1. Tack Coat: Apply according to Article 3.6. 


SURFACE PREPARATION 


General: Immediately before placing asphalt materials, remove loose and deleterious 
material from substrate surfaces. Ensure that prepared subgrade is ready to receive paving. 


1. Sweep loose granular particles from surface of unbound-aggregate base course. Do 
not dislodge or disturb aggregate embedded in compacted surface of base course. 
2. Remove loose materials from existing asphalt pavement and clean surface using 


approved mechanical sweepers, blowers, and hand brooms. Remove loose broken or 
shattered asphaltic material along the edges of existing surfaces. Shape, blade, and 
broom the exposed subgrade and a sufficient width of shoulder to provide a uniform 
firm subgrade for the new surface course. 

3. Remove loose materials from existing PCC pavement and clean surface using 
approved mechanical sweepers, blowers, and hand brooms. Shape, blade, and broom 
the exposed subgrade and a sufficient width of shoulder to provide a uniform firm 
subgrade for the new surface course. 


Herbicide Treatment: Apply herbicide according to manufacturer's recommended rates and 
written application instructions. Apply to dry, prepared subgrade or surface of compacted- 
aggregate base before applying paving materials. 

1. Mix herbicide with prime coat when formulated by manufacturer for that purpose. 


Prime Coat: Apply according to Article 3.6. 


Control of Traffic: Do not permit unnecessary traffic on the surface after it has been 
approved to receive asphaltic material. 
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3.5 


3.6 


TRIAL SECTIONS 


At the start of plant operation, place a trial section for each Job Mix Formula used. 
Construct a trial section 100 m long and two paver-widths wide (operating simultaneously), 
with a longitudinal cold joint. The trial section shall be of the same depth as the course 
which it represents. The underlying grade or pavement structure upon which the trial section 
is to be constructed shall be the same as the remainder of the course represented by the test 
section. The equipment used in construction of the trial section shall be the same equipment 
to be used on the remainder of the course represented by the trial section. The trial section 
shall be placed at locations approved by the Engineer on Site. 


One random sample shall be taken at the plant, triplicate specimens compacted, and tested 
for stability, flow, and laboratory air voids. A portion of the same sample shall be tested for 
theoretical maximum density, aggregate gradation, and asphalt content. Four randomly 
selected cores shall be taken from the finished pavement mat, and four from the longitudinal 
joint, and tested for density. Random sampling shall be in accordance with procedures 
contained in ASTM D3665. The test results shall conform to all specified requirements for 
work to continue. If all test results meet the specified requirements, the trial section shall 
remain as part of the project pavement. If test results exceed the specified tolerances, the test 
section shall be removed and replaced at no cost to the project and another test section shall 
be constructed. 


Should the initial trial section prove to be unacceptable, the necessary adjustments to the Job 
Mix Formula, plant operation, placing procedures, and/or rolling procedures shall be made. 
A second trial section shall then be placed. Additional trial sections, as required, shall be 
constructed, and evaluated for conformance to the specifications. Full production shall not 
begin until an acceptable section has been constructed and accepted. 


PRIME AND TACK COATS 


General: Prepare a test section of an approved length for determining the rate of application 
for each type of material. Subsequent test sections may be required, and previously 
established rate or rates of application may be altered when necessary. 


Prime Coat: Apply uniformly over surface of compacted aggregate base to a line 200 mm 
outside edge of pavement line, at a rate of 0.75 to 1.50 L/sq. m. Apply enough material to 
penetrate and seal, but not flood, surface. Allow prime coat to cure for 48 hours minimum. 


1. Apply liquid asphalt at temperatures within the range of 50 to 70 deg C. Reject 
materials heated to temperatures above 108 deg C. 

2. If prime coat is not entirely absorbed within 24 hours after application, spread sand 
over surface to blot excess asphalt. Use just enough sand to prevent pickup under 
traffic. Remove loose sand by sweeping before pavement is placed and after volatiles 
have evaporated. 

3. Protect primed substrate from damage until ready to receive paving. 


Tack Coat: Apply uniformly to existing surfaces of previously constructed asphalt or 
Portland cement concrete paving and to surfaces abutting or projecting into new, hot-mix 
asphalt pavement. Apply at a uniform rate of 0.30 to 0.60 L/sq. m of surface. 


1. Apply liquid asphalt at temperatures within the range of 50 to 70 deg C. Reject 
materials heated to temperatures above 108 deg C. 
2: Allow tack coat to cure undisturbed before paving. 
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3.7 


3.8 


3. Avoid smearing or staining adjoining surfaces, appurtenances, and surroundings. 
Remove spillages and clean affected surfaces. 


Application: 
1. Apply by approved pressure distributors. Spray nozzles and spray bar shall be 


adjusted and frequently checked to ensure uniform distribution. Stop spraying upon 
clogging or interference of any nozzles and take corrective measures before resuming. 


2: Hand sprays will be approved only for priming small patches or areas that cannot be 
primed by normal operation of the distributor. 
3. Application at the junction of spreads shall not be in excess of the specified amount. 


Squeeze excess from the surface and correct skipped and deficient areas by means of 
approved hand sprayers. 


Blotting: When approved, after the material has been applied for 48 hours and has not dried 
sufficiently, apply a light application of sand as blotter material. Apply blotting material 
sparingly and only on areas that have not dried. 


PAVING GEOTEXTILE INSTALLATION 


Apply Tack Coat or Asphalt Binder or Asphalt Cement uniformly to existing pavement 
surfaces at a rate of (0.8 to 1.2 L/sq. m). 


Place paving geotextile promptly according to manufacturer's written instructions. Broom 
or roll geotextile smooth and free of wrinkles and folds. Overlap longitudinal joints (100 
mm) and transverse joints (150 mm). 


1. Protect paving geotextile from traffic and other damage and place hot-mix asphalt 
paving overlay the same day. 


ASPHALTIC CONCRETE BATCHING AND MIXING 


Preparation of Asphalt Cement: Heat asphalt cement within a temperature range of 135 deg 
C to 163 deg C at the time of mixing. All material heated to more than 204 deg C in storage 
tanks shall be rejected. 


Preparation of Mineral Aggregate: 


1. Heat and dry aggregates to a temperature after screening of not more than 163 deg C. 
Reject and remove aggregates from the bins, if they contain sufficient moisture to 
cause foaming in the mixture, or if their temperature is in excess of 163 deg C. 

2: Immediately after heating, screen aggregates into at least 3 sizes and convey into 
separate bins ready for batching and mixing. When separating into three bins is 
impractical, the number of separations may be reduced to two with approval. Screen 
and produce gradations of heated and dried aggregates which are reasonably uniform 
and result in the production of a mixture as specified. 


Preparation of Asphaltic Mixture: 


1. Introduce aggregates and asphalt cement into the mixture in proportionate amount 
according to the job-mix formula. The temperature of the asphalt, except for 
temporary fluctuations, shall be not lower than 32 deg C below the temperature of the 
aggregate at the time the materials enter the mixer or pug mill. 
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3.9 


2. Use the shortest mixing time that will produce a satisfactory mixture based on the 
procedure for determining the percentage of coated particles described in ASTM 
D2489/D2489M. The mixing times shall be set to achieve 90 percent of coated 
particles for base mixtures and 95 percent of coated particles for surface mixtures. 

3. Dry mixing time, if required for the batch plants, shall not exceed 10 seconds. Wet 
mixing time shall not exceed 50 seconds. Timing shall begin at the start of asphalt 
introduction into the pug mill at batch plants. 

4. The length of mixing time for continuous plants shall be determined by the following 
formula or other approved methods: 

Pugmill dead capacity in kilos 

Pugmill output in kilos/second 


Mixing time in seconds = 


Do not use petroleum products such as kerosene or diesel fuel to release HMA from trucks, 
spreaders, or compactors. 


Preparation of Hot-Mix Asphalt Placement: 


1. Apply a prime coat or tack coat to surface on which asphaltic concrete is to be placed, 
unless otherwise approved. 


2. Maintain line and grade control by means of taut reference string lines or other 
approved methods. If the existing surface is determined to be acceptable, it may be 
used for control, and the use of the string line waived. If directed, establish and 
maintain centerline points 


HOT-MIX ASPHALT PLACING 


Spread and finish asphaltic concrete true-to-line and grade by means of an automatically 
controlled paver except that the use of the automatically controlled paver may be waived 
and a manually controlled paver or hand methods may be used on irregular or other sections 
when approved. 


Place the mixture in consecutive, adjacent strips with a minimum width of 3 m except where 
edge lanes require strips of lesser width. Unless otherwise directed, begin placing along the 
centerline of crowned sections or on the high side or areas with a one-way slope. 


Operate the paver at a speed which will give the best results for the type of paver being used 
and which coordinates satisfactorily with the rate of delivery of the mixture to the paver so 
as to provide a uniform rate of placement without intermittent operation of the paver. 
Regulate the speed of the paver to eliminate pulling and tearing of the bituminous mat. Use 
several pavers adjacent to each other (Echelon Paving) to reduce cold joints as much as 
possible. 


Deliver asphaltic concrete to the paver at a temperature between 135 and 163 deg C. Do not 
use mixtures delivered to the paver at temperatures outside this range. 


Place asphaltic concrete so that after rolling the nominal thickness will not exceed the range 
of 70-100 mm for Asphalt Base Course and shall not exceed the range of 50 -75 mm for 
Asphalt Surface Course. 


The maximum thickness for layers may be increased when such increase is determined not 
to be detrimental to placement, rolling and compacting conditions. 
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3.10 


3.11 


Make surface test to check conformity with the specified crown and grade immediately after 
initial compression. Correct all variations by the removal or addition of materials and by 
continuous rolling. The finished surface shall not vary by more than the specified 
tolerances. After the completion of final rolling, retest the smoothness of the course. 
Immediately correct all humps and depressions exceeding the specified tolerances, as 
approved. Replace and recompact the pavement where holes are made for test purposes. 


JOINTS 


Make joints so as to ensure thorough and continuous bond. Construct transverse 
construction joints free of depressions, with same texture and smoothness as other sections 
of hot-mix asphalt course. 


Clean contact surfaces and apply tack coat in previously laid material by cutting the material 
back vertically for its full depth so as to expose a fresh surface. Transverse joints in one 
layer shall be offset by at least 600 mm from transverse joints in the previous layer. 
Transverse joints in adjacent lanes shall be offset a minimum of 3 m. 


Offset longitudinal joints in successive layers not less than 300 mm. 


Before placing the fresh mixture against a cut joint or against old pavement, spray or paint 
the contact surface with a thin uniform coat of liquid asphalt. Where a finishing machine is 
used, make the longitudinal joint by overlapping the screed on the previously laid material 
for a minimum width of 25 mm and depositing a sufficient amount of material so that the 
joint formed will be smooth and tight. 


COMPACTION 


Rolling shall begin as soon as the mixture will bear the roller weight without undue 
displacement. The minimum temperature of the mat at which rolling shall be allowed to 
start is 120 °C. 


After spreading and strike-off, compact the asphaltic concrete to the density specified in 
Sub-Clause 3.17.C.3. Complete rolling before the asphalt mat temperature drops below 65 
C 


Begin initial or breakdown rolling (using vibratory roller specifically designed to compact 
HMA) as soon as the asphaltic concrete will bear the roller without undue displacement. 
Roll longitudinally, beginning at the low side of the work and proceeding toward the high 
side, or centerline. 


1. Overlay successive strips by at least one half the drum width. Alternate trips of the 
roller shall be of different lengths. 


Prevent adhesion of mixture by moistening the roller drums with water; an excess of water 
will not be permitted. 


Follow initial or breakdown rolling by intermediate rolling with an oscillating-type 
pneumatic-tire roller. The tires must be inflated to 60 psi minimum. Perform finish rolling 
with tandem steel roller. Select number and size of roller required to obtain the specified 
density. 
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3.12 


3.13 


3.14 


Operate rollers continuously so that all areas of the pavement will receive substantially 
equal compaction. Placing will be ordered to stop at any time that proper rolling is not 
being performed. 


Repairs: Remove paved areas that are defective or contaminated with foreign materials. 
Remove paving course over area affected and replace with fresh, hot-mix asphalt. Compact 
by rolling to specified density and surface smoothness. 


Protection: After final rolling, do not permit vehicular traffic on pavement until it has 
cooled and hardened. 


Erect barricades to protect paving from traffic until mixture has cooled enough not to 
become marked. 


ASPHALT CURBS 


Construct hot-mix asphalt curbs over compacted pavement surfaces. Apply a light tack coat 
unless pavement surface is still tacky and free from dust. Spread mix at minimum 
temperature of 121 deg C. 


1. Asphalt Mix: Same as pavement surface-course mix. 


Place hot-mix asphalt to curb cross section indicated or, if not indicated, to local standard 
shapes, by machine or by hand in wood or metal forms. Tamp hand-placed materials and 
screed to smooth finish. Remove forms after hot-mix asphalt has cooled. 


CONTACT SURFACES 


Paint contact surfaces of concrete structures with a thin uniform coating of approved 
asphaltic material. Place asphaltic concrete uniformly high near contact surfaces so that after 
compaction it shall be 6 mm above the edge of such structures. 


QUALITY CONTROL AND TESTING 
General: 
1. Testing Laboratory: 


a. Employ an independent testing agency to perform the specified quality control 
tests, test mixes and to submit official test reports. 

b. Be responsible for taking, identifying and delivering to the test laboratory all 
test samples called for in this Specification. The testing laboratory shall be 
responsible for the testing. Collect all test results and deliver them to the 
Engineer in the format and detail as specified. 


Crowned Surfaces: Test with crowned template centered and at right angle to crown. 
Maximum allowable variance from template is (6 mm). 
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3.15 


3.16 


3.17 


SURFACE TREATMENTS 


Slurry Seals: Apply slurry coat in a uniform thickness according to ASTM D3910 and 
allow to cure. 


1. Roll slurry seal to remove ridges and provide a uniform, smooth surface. 


WHEEL STOPS 


Install wheel stops in bed of adhesive as recommended by manufacturer. 


Securely attach wheel stops to pavement with not less than two galvanized-steel dowels 
embedded at one-quarter to one-third points. Securely install dowels into pavement and 
bond to wheel stop. Recess head of dowel beneath top of wheel stop. 


FIELD QUALITY CONTROL 


Sampling: The job shall be divided into lots of 2000 metric tons. Each lot will further be 
subdivided into four equal sub-lots. One random sample shall be taken from each sub-lot 
and tested. For aggregate gradation, asphalt content and in-place density tests, samples shall 
be taken from in-place asphaltic concrete paving. For Marshall Test, samples shall be taken 
from trucks. 


Testing: Tests shall be performed in accordance with the following: 


1. Marshall Stability and Flow of Bituminous Mixtures: ASTM D6927. 
2. Bulk Specific Gravity of Compacted Bituminous Mixture: ASTM D2726/D2726M. 


Acceptance: 


1. The gradation will be acceptable when variation from the approved job mix for the 
average of four samples is within the limits of tolerances specified. 

2; The asphalt content will be acceptable when variation from the approved job mix for 
the average of four samples is within the limits of tolerances specified. 

3. The compaction density for all bituminous courses shall be equal to or greater than 
98% of the average Marshall bulk specific gravity for each day's production unless 
otherwise directed by the Engineer. (90% of the results shall be greater than the lower 
specification tolerance limit of 96.3%). 

4. Surfaces: Refer to Sub-Clause 3.19.B of this specification section. 

5: Elevations: Variations from grade line, elevations and cross sections are not to 
exceed 10 mm above or 6 mm below the elevations shown. Straightedge will be used 
for testing of transverse irregularities. 


Surface Smoothness: Finished surface of each hot-mix asphalt course will be tested for 
compliance with smoothness tolerances (Sub-Clause 3.19. B). 


In-Place Density: Samples of uncompacted paving mixtures and compacted pavement will 
be secured by testing agency according to ASTM D979/ D979M. 


1. Reference laboratory density will be determined by averaging results from 4 samples 
of hot-mix asphalt-paving mixture delivered daily to site, prepared according to 
ASTM D6926, and compacted according to job-mix specifications. 
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Reference maximum theoretical density will be determined by averaging results from 
4 samples of hot-mix asphalt-paving mixture delivered daily to site, prepared 
according to ASTM D2041/ D2041M, and compacted according to job-mix 
specifications. 

In-place density of compacted pavement will be determined by testing core samples 
according to ASTM D1188 or ASTM D 2726/ D2726M. 

One core sample will be taken for every 800 sq. m or less of installed pavement, but 
in no case will fewer than 3 cores be taken. Cores shall be reinstated by placing 
“Repair Cold Asphalt” in the core holes and compacting it with tamping rod to the 
satisfaction of the Engineer. 

Field density of in-place compacted pavement may also be determined by nuclear 
method according to ASTM D2950/D2950M and correlated with ASTM D1188 or 
ASTM D2726/ D2726M. 


F. Determination of Thickness of Courses. 


1. 


Compensate for minor deficiencies in the thickness of any bituminous course in the 
pavement structure by increasing the thickness of the subsequent bituminous course. 
After completion of the final (surface) course any deficiencies in the thickness of any 
course which have not been compensated for by increasing the thickness of a 
subsequent course, will be considered deficiencies in the final (surface) course. 
Cylinder core samples shall be taken as specified for in-situ bulk specified gravity 
core samples. 

Thickness of bituminous courses shall be determined by average caliper measurement 
of cores, rounded upwards to the nearest mm. 

Paved sections to be measured separately shall consist of each 300 lin.m section in 
each paved strip. The last section in each paved strip shall be 300 m plus the 
fractional part of 300 m remaining. Other areas such as intersections, entrances, 
crossovers, ramps, etc. shall be measured as one section and the thickness of each 
shall be determined separately. Small irregular unit areas may be included as part of 
another section. 

One core shall be taken from each section at approved locations and in the presence 
of the Engineer. When the measurement of the core from any paved section is not 
deficient by more than 5 mm from the specified thickness, the core will be deemed to 
be of the specified thickness as shown on the Drawings. 

When the measurement of the core from any paved section is deficient by more than 
5 mm but not more than 20 mm, 2 additional cores spaced at not less than 100 m shall 
be taken and used together with the first core to determine the average thickness of 
such section. 

When the measurement of the core from any paved section is less than the specified 
thickness by more than 20 mm, the average thickness of such section shall be 
determined by taking additional cores at not less than 5 m intervals parallel to the 
centerline in each direction from the affected location until, in each direction, a core 
is taken which is not deficient by more than 20 mm. Exploratory cores for deficient 
thickness will not be used in average thickness determinations. 

Any deficiencies in the total thickness of bituminous courses shall be subject to a 
proportional reduction in the volume of final (surface) course measured for payment. 
Alternatively, construct all at your own expense, a surface course overlay, if 
practicable in the judgement of the Engineer. Any such overlay shall be a minimum 
of 40 mm compacted thickness and to the specified standard of the course it is 
overlaying. 

If the deficiency in total asphalt layers thickness is from 0 - 3mm, full payment will 
be made, on condition that deficiencies are not found in more than 10% of the total 
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project. Deficiencies between 3mm and 10mm, 80% of the full payment for the 
bituminous courses will be made. 


G. Surface texture: A texture depth of at least 1.14mm shall be achieved on completion of the 
bituminous surface course top layer, as determined by the sand patch test to ASTM E 965. 


H. Surface Roughness of Landside roads: The International Roughness Index (IRI) for the 
landside roads should be carried out for all bituminous wearing course layers, as specified 
under Clause 3/43.2 of Section 3 “Pavement Construction” of RTA General Specifications. 
The acceptable range of IRI test results should meet the requirements included under RTA 
specifications. The Contractor should submit for the Engineer’s approval the appropriate 
testing instrument(s) and test methodology for the surface roughness test. 


3.18 TESTING FREQUENCY 


(A) Source of Materials (B) Control on Site 
Required Tests Repetition Required for Required Tests Repetition Required for 
(A) all Test in (A) (B) all Tests in (B) 
Gradation of Material As requested by Engineer | 1. Coring 1 sample in every 800 m? 
ality a one l sampile meer 200g 2. In-place density 1 sample in every 800 m? 
material m 
3. Asphalt content np ede esra mine 
Specification 
a ; As requested in the 
4. Bulk specific gravity Specification 
5. Volumetric tests AS le ed make 
Specification 
6. Pavement density As requested in the 
tests Specification 
7. Smoothness ae ce esten ne 
Specification 
8. Plastic Flow a regi psr mn We 
Specification 
9. Thickness As regn esed ig 
Specification 
3.19 INSTALLATION TOLERANCES 
A. Thickness: Compact each course to produce the thickness indicated within the following 
tolerances: 
1. Bituminous Base Course: Plus or minus 10 mm. 
2. Bituminous Surface Course: Plus 6 mm, no minus. 
B. Surface Smoothness: Compact each course to produce a surface smoothness within the 


following tolerances as determined by using a 3-m straightedge applied transversely or 
longitudinally to paved areas: 


1. Bituminous Base Course: 6mm. 
Dx Bituminous Surface Course: 3mm. 
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3. Crowned Surfaces: Test with crowned template centered and at right angle to crown. 
Maximum allowable variance from template is 6 mm. 


END OF SECTION 321216 
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SECTION 321313 - CONCRETE PAVING 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including Conditions of Contract and 
Division 1 Specification Sections, apply to this Section. 


1.2 SUMMARY 


A. This Section includes exterior cement concrete pavement for the following: 


C02, or 


Driveways. 
Roadways. 
Parking lots. 
Curbs and gutters. 
Walks. 


B. Related Requirements: 


1. 


Section 031000 “Concrete Forming and Accessories”, Section 032000 “Concrete 
Reinforcing”, and Section 033000 "Cast-in-Place Concrete", for general building 
applications of concrete. 

Section 321316 "Decorative Concrete Paving" for stamped concrete other than 
detectable warnings. 

Section 321373 "Concrete Paving Joint Sealants" for joint sealants in expansion and 
contraction joints within concrete paving and in joints between concrete paving and 
asphalt paving or adjacent construction. 

Section 312000 “Earth Moving” for subgrade preparation. 


1.3 DEFINITIONS 


A. Cementitious Materials: Portland cement alone or in combination with one or more of 
cementitious additives such as fly ash, ground granulated blast-furnace slag, and silica fume. 


B. Base Course: Bituminous Base Course, Cement-Treated Base Course or aggregate base 
course placed beneath the concrete pavement. 


1.4 PREINSTALLATION MEETINGS 


A. _ Preinstallation Conference: Conduct conference at Project site to comply with requirements 
in Division 01 Section 013100 “Project Management and Coordination." 


1. At least 35 days prior to submitting design mixes, review concrete pavement mix 
design and examine procedures for ensuring quality of concrete materials. Require 
representatives of each entity directly concerned with concrete pavement to attend, 
including the following, as applicable: 
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Engineer. 
Contractor's superintendent. 
Independent testing agency responsible for concrete design mixes. 


Ready-mix concrete producer. 


eo Bos B 


Concrete subcontractor 


1.5 ACTION SUBMITTALS 


A. Product data for proprietary materials and items, including reinforcement (wherever 
applicable) and forming accessories, admixtures, joint systems, curing compounds, dry- 
shake finish materials, and others if requested by the Engineer. 


B. Shop Drawings: Include layout, sections, and joint details. 
C. Field Reports: 


1. Submit three copies of the following reports directly to Engineer from the testing 
services: 


a. Test reports and product data verifying the suitability of aggregate (to include 
source of the aggregate), cement, admixtures, joint filler and sealants, dowels, 
tie bars, mesh reinforcement, curing material and other materials as requested 
by Engineer. 

b. Test report on preliminary design of concrete mix: At least 15 days prior to the 
start of paving operations and after approval of all material to be used in the 
concrete, submit a mix design showing the proportions and actual flexural 
strength obtained from the concrete. The mix design shall include a complete 
list of materials including type; brand; source and amount of cement and 
admixtures; and copies of test reports. 


2: At least 15 days before the commencement of paving operation, submit a detailed 
method statement, for approval by Engineer. 

3. Verification of suitability of base course, in accordance with requirements, prior to 
placement of pavement. 

4. Pour Records (three copies): Record in an approved form, details of every pour of 


concrete placed in the pavement including date, location of pour, ambient temperature 
and temperature of concrete at placement, moisture content of aggregate, details of 
mix, results of tests and details of cores. 

5. Weekly Records (three copies): Report covering work carried out the preceding week, 
to include location of all joints. 

6. Monthly Records (three copies): Provide monthly histograms of all 28-day cube or 
cylinder strengths and accumulative standard deviations and other information, which 
the Engineer may require concerning placement of the pavement. 


1.6 INFORMATIONAL SUBMITTALS 


A. Qualification Data: For firms and persons specified in the "Quality Assurance" Article to 
demonstrate their capabilities and experience. Include lists of completed projects with 
project names and addresses, names and addresses of engineers and employers, and other 
information specified. 
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B. Design Mixes: For each concrete pavement mix. Include alternate mix designs when 
characteristics of materials, project conditions, weather, test results, or other circumstances 
warrant adjustments. 


C. Samples: 4.5-kg sample of exposed aggregate. 
D. Material Test Reports: From a qualified testing agency indicating and interpreting test 
results for compliance of the following with requirements indicated, based on 


comprehensive testing of current materials: 


E. Material Certificates: Signed by manufacturers certifying that each of the following 
materials complies with requirements: 


1. Cement, Cementitious materials and aggregates. 
2. Steel reinforcement and reinforcement accessories. 
3: Admixtures. 
4. Curing compounds. 
5. Applied finish materials. 
6. Bonding agent or adhesive. 
7. Joint fillers. 
F. Photographs or videotape, sufficiently detailed, of existing conditions of adjoining 


construction and site improvements that might be misconstrued as damage caused by 
installation or failure of special excavation support and protection systems. 


G. Minutes of preinstallation conference. 


H. Material Test Report: Indicate and interpret test results for compliance of materials with 
requirements indicated. 


1.7 QUALITY ASSURANCE 


A. Codes and Standards: Comply with the Provisions of the following standards, except where 
more stringent requirements are specified or shown on Drawings: 


1. Federal Aviation Administration (FAA) advisory circulars. 
2. ACI 211.1, 301, 305.1 and 318. 
3. CRSI "Manual of Standard Practice". 


B. Material and Installed Work: May require testing and re-testing at any time during progress 
of work. Tests, including re-testing of rejected material for installed work, shall be done at 
own expense. 


C. Installer Qualifications: An experienced installer who has completed pavement work 
similar in material, design, and extent to that indicated for this Project and whose work has 
resulted in construction with a record of successful in-service performance. 


D. Manufacturer Qualifications: A firm experienced in manufacturing ready-mixed concrete 
products complying with ASTM C94/ C94M requirements for production facilities and 
equipment. 


E. Testing Agency Qualifications: An independent testing agency, acceptable to Engineer, 
qualified according to ASTM C1077 and ASTM E 329 to conduct the testing indicated. 
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1.8 


Source Limitations: Obtain each type or class of cementitious material of the same brand 
from the same manufacturer's plant and each aggregate from one source. 


Equipment and Tools: As necessary for handling materials and performing all parts of the 
work shall be approved by Engineer as to design, capacity, and mechanical condition. The 
equipment shall be at the job site before the start of construction operations for examination 
and approval. 


Concrete Testing Service: Engage a qualified independent testing agency to perform 
material evaluation tests, design concrete mixes, and perform field quantity control testing. 


Mockups: Cast mockups of full-size sections of concrete pavement to demonstrate typical 
joints, surface finish, texture, color, and standard of workmanship. 


1. Build mockups in the location and of the size indicated or, if not indicated, as directed 
by Engineer. 

2. Notify Engineer seven days in advance of dates and times when mockups will be 
constructed. 

3. Obtain Engineer's approval of mockups before starting construction. 

4. Maintain approved mockups during construction in an undisturbed condition as a 
standard for judging the completed pavement. 

5. Demolish and remove approved mockups from the site when directed by Engineer. 

6. Approved mockups may become part of the completed Works if undisturbed at time 
of Taking Over. 


FIELD/PROJECT CONDITIONS 


Protect Finished Pavement: Protect from spatter during concrete placement of adjacent 
sections. 


Protect Fresh Concrete: Cover completed fresh concrete with temporary cover as required to 
protect newly cast pavement from direct sun in hot weather - above 35 deg C - and maintain 


cover until curing starts. 


Protect Immature Concrete: Protect from physical shock, movement, thermal shock and 
cold water. 


Protect Surfaces: Protect from rain, wind, sun, indentation and physical damage. 


Traffic Control: Maintain access for vehicular and pedestrian traffic as required for other 
construction activities. 


PART 2 - PRODUCTS 


2.1 FORMS 
A. Form Materials: Plywood, metal, metal-framed plywood, or other approved panel-type 
materials to provide full-depth, continuous, straight, smooth exposed surfaces. 
1. Use flexible or curved forms for curves of a radius 30 m or less. 
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2.2 


2.3 


Form-Release Agent: Commercially formulated form-release agent that will not bond with, 
stain, or adversely affect concrete surfaces and will not impair subsequent treatments of 
concrete surfaces. 


STEEL REINFORCEMENT: Refer to relevant parts in Section 033000 “Cast in Place 
Concrete”. 


Reinforcement Bars: ASTM A615/ A615M, Grade 60, deformed. 
Plain Steel Wire: ASTM A1064 / A1064M, cold-drawn steel. 
Welded Deformed Steel Wire Fabric: ASTM A1064/ A1064M. 


Joint Dowel Bars: Plain-steel bars, ASTM A615 /A615M, Grade 60. Cut bars true to 
length with ends square and free of burrs. 


Dowel Bars: High tensile plain steel bars conforming to BS 4449, ASTM A615/ A165M, 
ASTM A955/ A955M, and shall be free from burring or other deformation restricting 
slippage in the concrete. Before delivery to the construction site, a minimum of two-thirds 
of the length of each dowel bar shall be painted with one coat of zinc-chromate. If plastic or 
epoxy-coated steel dowels are used, no zinc-chromate coating is required, except when 
specified for a particular situation on the contract plans. Coated dowels shall conform to the 
requirements given in AASHTO M254. 


Tie Bars: ASTM A615/A615M, Grade 60, deformed. 


Sleeves: Metal, of an approved design to cover 50mm to 75mm of the dowel, with a closed 
end and with a suitable stop to hold the end of the bar at least 25mm from the closed end of 
the sleeve. Sleeves shall be of such design that they will not collapse during construction. 


Hook Bolts: AASHTO M291, Property Class 4.6, internally and externally threaded. Design 
hook-bolt joint assembly to hold coupling against pavement form and in position during 
concreting operations, and to permit removal without damage to concrete or hook bolt. 


Bar Supports: Bolsters, chairs, spacers, and other devices for spacing, supporting, and 
fastening reinforcement bars, welded wire fabric, and dowels in place. Use wire bar type 


supports complying to CRSI's "Manual of Standard Practice”. 


1. For exposed-to-view concrete surfaces, where legs of wire bar support contract forms, 
use CRSI, Class 1 plastic protected, or CRSI Class 2 stainless steel, bar supports. 


Epoxy Repair Coating: Liquid two-part epoxy repair coating, compatible with epoxy 
coating on reinforcement. 
CONCRETE MATERIALS 


General: Use the same brand and type of cementitious material from the same manufacturer 
throughout the Project, unless otherwise accepted by Engineer. 


Portland Cement: ASTM C150/ C150M, Type I or BS EN 197-1 Type CEM I 42.5N. 
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2.4 


Aggregate: ASTM C33/ C33M or BS EN 12620. Aggregates shall consist of crushed stone, 
crushed or uncrushed gravel, or natural sand. The aggregate shall be composed of sound, 
tough, durable particles and shall meet the requirements for deleterious substances given in 
ASTM C33/ C33M or BS EN 12620. The aggregate in any size group shall not contain 
more than 8 percent by weight of flat or elongated pieces when tested in accordance with 
ASTM D4791. A flat or elongated particle is one having a ratio between the maximum and 
the minimum dimensions of a circumscribing rectangular prism exceeding 5 to 1. Uniformly 
graded, from a single source, with coarse aggregate as follows: 


1. Maximum Aggregate Size: 25 mm nominal or 19 mm nominal. 
2. Do not use fine or coarse aggregates containing substances that cause spalling. 


Exposed Aggregate: Selected, hard, and durable; washed; free of material that reacts with 
cementitious material or causes staining. 


Aggregate Gradation: 


1. Fine Aggregate: Conform to the requirements of ASTM C33/ C33M. The % fines 
(material passing #200 sieve) shall not exceed 3%. The sand equivalent of the fine 
aggregate material shall be 75 minimum when tested according to ASTM D2419 and 
the specific gravity and % absorption shall be 2.6 minimum and 2% maximum, 
respectively, when tested according to ASTM C128. 


Coarse Aggregate: Conform to the requirements of ASTM C33/ C33M, depending on the 
maximum aggregate size of the material used. The percentage of wear shall be no more than 
30% when tested in accordance with ASTM C131/ C131M. The specific gravity and % 
absorption shall be 2.6 minimum and 2% maximum, respectively, when tested according to 
ASTM C127. 


Water: Water used in mixing or curing shall be as clean and free of oil, salt, acid, alkali, 
sugar, vegetable, or other substances injurious to the finished product as possible. Water will 
be tested in accordance with the requirements of ASTM C1602/C1602M, ASTM 
C94/C94M. The chloride content shall not exceed 500ppm. 


ADMIXTURES 


General: Admixtures certified by manufacturer to contain not more than 0.1 percent water- 
soluble chloride ions by mass of cement and to be compatible with other admixtures. 


General: The use of any material added to the concrete mix shall be approved by Engineer. 
Submit certificates indicating that the material to be furnished meets all of the requirements 
indicated below. In addition, Engineer may require the submittal of complete test data from 
an approved laboratory showing that the material to be furnished meets all of the 
requirements of the cited specifications. Subsequent tests will be made of samples taken by 
Engineer from the supply of the material being furnished or proposed for use on the work to 
determine whether the admixture is uniform in quality with that approved. 


Air Entraining Admixtures: Air-entraining admixtures shall meet the requirements of 
ASTM C260/C260M and shall be added to the mix in the amount necessary to produce the 
specified air content. The air-entrainment agent and the water reducer admixture shall be 
compatible. 
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2.6 


Chemical Admixtures: Water reducing, set-retarding, and set-accelerating admixtures shall 
meet the requirements of ASTM C494/ C494M. 


1. Water-Reducing Admixture: ASTM C494/ C494M, Type A. 

2. High-Range, Water-Reducing Admixture: ASTM C494/ C494M, Type F. 

3. Water-Reducing and Accelerating Admixture: ASTM C494/ C494M, Type E. 
4. Water-Reducing and Retarding Admixture: ASTM C494/ C494M, Type D. 
CURING MATERIALS 


Absorptive Cover: AASHTO M 182, Class 2, burlap cloth made from jute or kenaf, 
weighing approximately. 305 g/sq. m dry. 


Moisture-Retaining Cover: ASTM C171, polyethylene film or white burlap-polyethylene 
sheet. 


Water: Potable. 


Evaporation Retarder: Waterborne, monomolecular film forming, manufactured for 
application to fresh concrete. 


1. Products: Subject to compliance with requirements, provide available products that 
may be incorporated into the Works, to the approval of the Engineer. 


Clear Solvent-Borne Liquid-Membrane-Forming Curing Compound: ASTM C309, Type 1, 
Class B. 


Clear Waterborne Membrane-Forming Curing Compound: ASTM C309, Type 1, Class B. 


1. Products: Subject to compliance with requirements, provide available products that 
may be incorporated into the Works, to the approval of the Engineer. 


White Waterborne Membrane-Forming Curing Compound: ASTM C 309, Type 2, Class B. 


1. Products: Subject to compliance with requirements, provide available products that 
may be incorporated into the Works, to the approval of the Engineer. 


RELATED MATERIALS 


Premolded Joint Filler: Conform to the requirements of ASTM D1751 and shall be punched 
to admit the dowels where called for on the plans. 


1. Expansion- and _ Isolation-Joint-Filler Strips: ASTM D1751, asphalt-saturated 
cellulosic fiber. 

2. Expansion- and Isolation-Joint-Filler Strips: ASTM D1752, cork or self-expanding 
cork. 

3. Expansion- and Isolation-Joint-Filler Strips: ASTM D 1751, asphalt-saturated 
cellulosic fiber, or ASTM D1752, cork or self-expanding cork. 


Joint Filler: Furnished in a single piece for the full depth and width required for the joint, 
unless otherwise specified by Engineer. When the use of more than one piece is authorized 
for a joint, the abutting ends shall be fastened securely and held accurately to shape by 
stapling or other positive fastening means satisfactory to Engineer. 
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2.7 


Joint Sealer: Meet the requirements of Division 32 Section 321373 “Concrete Paving Joint 
Sealants” of the specification and shall be of the type(s) specified on drawings. 


Coloring Agent: ASTM C979/ C979M, synthetic mineral-oxide pigments or colored water- 
reducing admixtures; color stable, nonfading, and resistant to lime and other alkalis. 


1. Color: As indicated by manufacturer's designation. 
2. Color: Match Engineer’s sample. 
3. Color: As selected by Engineer from manufacturer's full range. 


Bonding Agent: ASTM C 1059 /C1059M, Type II, non-redispersible, acrylic emulsion or 
styrene butadiene. 


Epoxy Bonding Adhesive: ASTM C881/ C881M, two-component epoxy resin, capable of 
humid curing and bonding to damp surfaces, of class and grade to suit requirements, and as 
follows: 


1. Type II, non-load bearing, for bonding freshly mixed concrete to hardened concrete. 
Types I and II, non-load bearing, for bonding hardened or freshly mixed concrete to 
hardened concrete. 

3. Types IV and V, load bearing, for bonding hardened or freshly mixed concrete to 
hardened concrete. 


Chemical Surface Retarder: Water-soluble, liquid set retarder with color dye, for horizontal 
concrete surface application, capable of temporarily delaying final hardening of concrete to 
a depth of 3 to 6 mm. 


1. Products: Subject to compliance with requirements, provide available products that 
may be incorporated into the Works, to the approval of the Engineer. 


Pigmented Mineral Dry-Shake Hardener: Factory-packaged, dry combination of Portland 
Cement, graded quartz aggregate, color pigments, and plasticizing admixture. Use color 
pigments that are finely ground, nonfading mineral oxides interground with cement. 


1. Products: Subject to compliance with requirements, provide available products that 
may be incorporated into the Works, to the approval of the Engineer. 


Colored Dry-Shake Hardener: Factory-packaged dry combination of Portland cement, 
graded quartz aggregate, coloring pigments, and plasticizing admixture. Use coloring 
pigments that are finely ground, nonfading mineral oxides interground with cement. 


Color Hardener. 

Color: As indicated by manufacturer's designation. 

Color: Match Engineer’s samples. 

Color: As selected by Engineer from manufacturer's full range. 


Pe he 


DETECTABLE WARNING MATERIALS 


Detectable Warning Stamp: Semi-rigid polyurethane mats with formed underside capable of 
imprinting detectable warning pattern on plastic concrete; perforated with a vent hole at 
each dome. 
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2.8 


2.9 


1. Manufacturers: Subject to compliance with requirements, provide available products 
that may be incorporated into the Works, to the approval of the Engineer. 


Liquid Release Agent: Manufacturer's standard, clear, evaporating formulation designed to 
facilitate release of stamp mats. 


1. Products: Subject to compliance with requirements, provide available products that 
may be incorporated into the Works, to the approval of the Engineer. 


WHEEL STOPS 


Wheel Stops: Precast, air-entrained concrete,17.2-MPa minimum compressive strength, as 
per the dimensions shown on the Drawings. Provide chamfered corners and drainage slots 
on underside and holes for anchoring to substrate. 


1. Dowels: Galvanized steel, 20 mm in diameter, 250 mm minimum length. 


Wheel Stops: Solid, integrally colored, 96 percent recycled HDPE, or commingled 
postconsumer and postindustrial recycled rubber or plastic; UV stabilized; as per the 
dimensions shown on the Drawings. Provide chamfered corners and drainage slots on 
underside and holes for anchoring to substrate. 


1. Color: As indicated on the Drawings. 
Dowels: Galvanized steel, 20 mm in diameter, 250 mm minimum length. 

3. Adhesive: As recommended by wheel stop manufacturer for application to concrete 
pavement. 

CONCRETE MIXES 


Prepare design mixes, proportioned according to ACI 211.1 and ACI 301, for each type and 
strength of normal-weight concrete determined by laboratory trial mixes. 


Use a qualified independent testing agency for preparing and reporting proposed mix 
designs for the trial batch method. 


1. Do not use Employer’s field quality-control testing agency as the independent testing 
agency. 


Proportion mixes to provide concrete with the following properties using test specimens 
prepared in accordance with ASTM C31/ C31M and tested with ASTM C78/ C78M: 


1. Cement Concrete Pavement Layer: 


a. Flexural Strength (28 Days): 5.2 MPa 
Compressive Strength (28 days): 45 MPa. 

c. The minimum cementitious material content shall be 380 kg per cubic meter. 
The ratio of water to cementitious material, including free surface moisture on 
the aggregates but not including moisture absorbed by the aggregates shall not 
be more than 0.4 by weight. 

d. Slump Limit: 
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1) The mix determined shall be workable concrete having a slump for side- 
form concrete between 25 mm and 50 mm as determined by ASTM 
C143/ C143M. 


e. Absorption and Permeability tests on hardened concrete: Water Absorption test 
to BS 1881-122 standard and Depth of Penetration Permeability test to BS EN 
12390-8 standard should be carried out on hardened concrete. The mean water 
absorption of the tested concrete shall not exceed 2% and the depth of 
penetration shall not exceed 25 mm. 


2. Lean Concrete Base Course Layer: 


Minimum Compressive Strength on Cylinder at 7 days: 15 MPA. 

Minimum Cement content: 250 kg per cubic meter. 

Maximum water to cement ratio: 0.5. 

Maximum Air content: 2%. 

Slump Limit: The mix determined shall be workable concrete having a slump 
for side-form concrete between 25 mm and 50 mm as determined by ASTM 
C143. 


E a e 


D. Cementitious Materials: Limit percentage, by weight, of cementitious materials other than 
Portland cement (if used) in concrete as follows: 


Fly Ash: 25 percent. 

Combined Fly Ash and Pozzolan: 25 percent. 

Ground Granulated Blast-Furnace Slag: 50 percent. 

Combined Fly Ash or Pozzolan and Ground Granulated Blast-Furnace Slag: 50 
percent Portland cement minimum, with fly ash or Pozzolan not exceeding 25 
percent. 


forte 


E. Air Entraining: Air-entraining admixture shall be added in such a manner that will insure 
uniform distribution of the agent throughout the batch. The air content of freshly mixed air- 
entrained concrete shall be based upon trial mixes with the materials to be used in the work 
adjusted to produce concrete of the required plasticity and workability. The percentage of 
air-entrainment in the mix shall be in accordance with the percentages specified under sub- 
clause F below plus or minus 1-1/2 percentage points. Air content shall be determined by 
testing in accordance with ASTM C231/ C231M. 


F. Add air-entraining admixture at manufacturer's prescribed rate to result in concrete at point 
of placement having an air content of 3% for the 25mm Maximum Aggregate Size or 3.5% 
for the 19mm Maximum Aggregate Size. 


G. Chemical Admixtures: Water-reducing and set-controlling admixtures shall be added to the 
mix in the manner recommended by the manufacturer and in the amount necessary to 
comply with the specification requirements. Tests shall be conducted on trial mixes, during 
the mix design, in accordance with ASTM C494/ C494M. 


H. Coloring Agent: Add coloring agent to mix (if required) according to manufacturer's 
written instructions. 


I. Slip-form Construction: A high degree of uniformity in the plastic concrete is required. 
Caution should be exercised in establishing the air-entrainment percentage, as excessive air 
entrainment will aggravate edge slumping and insufficient air entrainment will result in poor 
concrete durability. Some edge slump of the wet concrete behind the side form on the 
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paving machine will occur, even with low slump concrete. This may continue, though very 
slowly, until initial set has taken place. 


2.10 CONCRETE MIXING 

A. Ready-Mixed Concrete: Comply with requirements and with ASTM C94/ C94M and ASTM 
C1116 /C1116M. Furnish batch certificates for each batch discharged and used in the 
Works. 

1. When air temperature is between 30 deg C and 32 deg C, reduce mixing and delivery 
time from 1-1/2 hours to 75 minutes; when air temperature is above 32 deg C, reduce 
mixing and delivery time to 60 minutes. 

B. Project-Site Mixing: Comply with requirements and measure, batch, and mix concrete 
materials and concrete according to ASTM C94/ C94M. Mix concrete materials in 
appropriate drum-type batch machine mixer. 

1. For mixers of 0.76 cu. m or smaller capacity, continue mixing at least one and one- 
half minutes, but not more than five minutes after ingredients are in mixer, before any 
part of batch is released. 

2. For mixers of capacity larger than 0.76 cu. m, increase mixing time by 15 seconds for 
each additional 0.76 cu. m. 

3. Provide batch ticket for each batch discharged and used in the Works, indicating 
Project identification name and number, date, mix type, mix time, quantity, and 
amount of water added. 

C. Concrete: 

1. May be mixed at the work site, in a central mix plant or in truck mixers. The mixer 
shall be of an approved type and capacity. Mixing time shall be measured from the 
time all materials, except water, are emptied into the drum. 

2. Ready-mixed concrete shall be mixed and delivered in accordance with the 
requirements of ASTM C94/ C94M, except that the minimum required revolutions of 
the mixing speed for transit mixed concrete may be reduced to not less than that 
recommended by the mixer manufacturer. 

3. The number of revolutions recommended by the mixer manufacturer shall be 
indicated on the manufacturer's serial plate attached to the mixer. 

4. Furnish test data acceptable to Engineer verifying that the make and model of the 
mixer will produce uniform concrete conforming to the provisions of ASTM C94/ 
C94M at the reduced number of revolutions shown on the serial plate. 

D. When mixed at the work site or in a central mixing plant, the mixing time shall not be less 
than 50 seconds nor more than 90 seconds. Mixing time ends when the discharge chute 
opens. Transfer time in multiple drum mixers is included in mixing time. The contents of 
an individual mixer drum shall be removed before a succeeding batch is emptied therein. 

E. Mixer: 

1. Operated at the drum speed as shown on the manufacturer's nameplate on the 
approved mixer. Any concrete mixed less than the specified time shall be discarded at 
own expense. 
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2.11 


2. The volume of concrete mixed per batch shall not exceed the mixer's nominal 
capacity in cubic meters, as shown on the manufacturer's standard rating plate on the 
mixer. 

3. An overload up to 10 percent above the mixer's nominal capacity may be permitted 


provided concrete test data for segregation and uniform consistency are satisfactory 
and provided no spillage of concrete takes place. 


Batch: Charged into the drum so that a portion of the mixing water shall enter in advance of 
the cement and aggregates. The flow of water shall be uniform, and all water shall be in the 
drum by the end of the first 15 seconds of the mixing period. The throat of the drum shall 
be kept free of such accumulations as may restrict the free flow of materials into the drum. 


Mixed Concrete: 


1. Central mixing plant concrete shall be transported in truck mixers, truck agitators, or 
non- agitating trucks. 

2. The time elapsing from the time water is added to the mix until the concrete is 
deposited in place at the work site shall not exceed 30 minutes when the concrete is 
hauled in non- agitating trucks, nor 45 minutes when the concrete is hauled in truck 
mixers or truck agitators. All these operations must be performed within 45 minutes 
after the initial mixing operations and the water-cement ratio must not be exceeded. 

3. Admixtures for increasing the workability or for accelerating the set will be permitted 
only when specified for in the contract. 


LIMITATIONS OF MIXING: 


No concrete shall be mixed, placed, or finished when the natural light is insufficient, unless 
an adequate and approved artificial lighting system is operated. 


Unless authorized in writing by Engineer, mixing and concreting operations shall be 
discontinued when a descending air temperature in the shade and away from artificial heat 
reaches 4 deg. C and shall not be resumed until an ascending air temperature in the shade 
and away from artificial heat reaches 2 deg C. 


When concreting is authorized during cold weather the temperature of the mixed concrete 
shall not be less than 10 deg. C at the time of placement in the forms. 


During periods of hot weather when the maximum daily air temperature exceeds 30 deg C, 
the following precautions should be taken: the forms and/or the underlying material shall be 
sprinkled with water immediately before placing the concrete. The concrete shall be placed 
at the coolest temperature practicable, and in no case shall the temperature of the concrete 
when placed exceed 32 deg. C. The aggregates and/or mixing water shall be cooled as 
necessary to maintain the concrete temperature at or not more than the specified maximum. 
Refer to ACI 305R “Guide to Hot Weather Concreting”. 
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PART 3 - EXECUTION 


3.1 


A. 


3:2 


3.3 


B. 


PREPARATION 


Proof-roll prepared subbase surface to check for unstable areas and verify need for 
additional compaction. Proceed with pavement only after nonconforming conditions have 
been corrected and subgrade is ready to receive pavement. 


Remove loose material from compacted subbase surface immediately before placing 
concrete. 


EDGE FORMS AND SCREED CONSTRUCTION 


Set, brace, and secure edge forms, bulkheads, and intermediate screed guides for paving to 
required lines, grades, and elevations. Install forms to allow continuous progress of work 
and so that forms can remain in place at least 24 hours after concrete placement. 


Forms shall be securely set so that they can withstand impacts and vibration of consolidating 
and finishing equipment without visible spring or settlement. Extend flange braces on the 
base outward for not less than two thirds of the height of the form. Remove bent, twisted or 
broken forms, and forms with damaged top surfaces. Use of repaired forms only with 
inspection and approval. Built-up forms will not be allowed, unless specifically approved. 
The top faces of forms are not to vary from a true plane by more than 3 mm in 3m. The 
upstanding leg shall be perpendicular to the base and is not to vary horizontally from true 
alignment by more than 6 mm at any point. The ends of abutting sections lock together 
tightly for secure setting. Local defects, such as kinks in steel forms, will not be allowed. 


Setting: Forms shall be set ahead of concrete placement and staked into place with at least 
three pins for each 3 m section. A pin shall be placed at each side of every joint. Form 
sections shall be tightly locked and free from movement in any direction. Excessive 
settlement or springing from operation of the finishing machine will not be allowed. Forms 
shall be cleaned and oiled before concrete placement. 


1. The alignment and grade elevations of the forms shall be checked, and corrections 
made immediately before placing concrete. Reset and recheck forms when they have 
been disturbed, or when the grade has become unstable. 


Clean forms after each use and coat with form release agent as required to ensure separation 
from concrete without damage. 


Removal: Do not remove forms until the concrete has set for at least 12 hours, unless 
otherwise approved or where auxiliary forms are used temporarily in widened areas. 
Remove forms carefully to avoid damaging the pavement, and after removal, the side of the 
slab shall be cured by the method specified in Article 3.9. 


STEEL REINFORCEMENT 
General: Comply with CRSI's "Manual of Standard Practice" for fabricating reinforcement 
and with recommendations in CRSI's "Placing Reinforcing Bars" for placing and supporting 


reinforcement. 


Clean reinforcement of loose rust and mill scale, earth, or other bond-reducing materials. 
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3.4 


3.5 


At the time concrete is placed the reinforcing bars shall be free of mud, oil or other organic 
matter that may adversely affect or reduce bond. Reinforcing steel with rust, mill scale, or a 
combination of both will be considered satisfactory, provided the minimum dimensions, 
weight, and tensile properties of a hand wire-brushed test specimen are not less than the 
applicable ASTM specification requirements. 


Accurately position, support, and secure reinforcement against displacement by formwork, 
construction, or concrete placement operations. Locate and support reinforcing bars by 
metal chairs, runners, bolsters, spacers, and hangers, as required. 


Arrange, space, and securely tie bars and bar supports to hold reinforcement in position 
during concrete operations. Set wire ties so ends are directed into concrete, not toward 
exposed concrete surfaces. Maintain minimum cover to reinforcement. 


Install welded wire fabric in lengths as long as practicable. Lap adjoining pieces at least one 
full mesh, and lace splices with wire. Offset laps of adjoining widths to prevent continuous 
laps in either direction. 


Install fabricated bar mats in lengths as long as practicable. Handle units to keep them flat 
and free of distortions. Straighten bends, kinks, and other irregularities, or replace units as 
required before placement. Set mats for a minimum 50-mm overlap to adjacent mats. 


PLACEMENT OF REINFORCEMENT 


Reinforced Concrete Pavement: Comply with Concrete Reinforcing Steel Institute's 
recommended practice for "Placing Reinforcing Bars", for details and methods of 
reinforcement placement and supports, and as herein specified: 


1. At the time concrete is placed the reinforcing bars shall be free of mud, oil or other 
organic matter that may adversely affect or reduce bond. Reinforcing steel with rust, 
mill scale, or a combination of both will be considered satisfactory, provided the 
minimum dimensions, weight, and tensile properties of a hand wire-brushed test 
specimen are not less than the applicable ASTM specification requirements. 

2. Accurately position, support, and secure reinforcement against displacement by 
formwork, construction, or concrete placement operations. Locate and support 
reinforcing bars by metal chairs, runners, bolsters, spacers, and hangers, as required. 

3. Arrange, space, and securely tie bars and bar supports to hold reinforcement in 
position during concrete placement operations. Set wire ties so ends are directed into 
concrete, not toward exposed concrete surfaces. 

4. Install welded wire fabric in as long lengths as practicable. Lap adjoining pieces at 
least one full mesh and lace splices with wire. Offset end laps in adjacent widths to 
prevent continuous laps in either direction. 


JOINTS 
General: Construct construction, isolation, and contraction joints and tool edgings true to 
line with faces perpendicular to surface plane of concrete. Construct transverse joints at 


right angles to centerline, unless otherwise indicated. 


1. When joining existing pavement, place transverse joints to align with previously 
placed joints, unless otherwise indicated. 
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B. Construction Joints: Set construction joints at side and end terminations of pavement and at 
locations where pavement operations are stopped for more than one-half hour, unless 
pavement terminates at isolation joints. 


1. Provide preformed galvanized steel or plastic keyway-section forms or bulkhead 
forms with keys, unless otherwise indicated. Embed keys at least 38 mm into 
concrete. 

2: Continue reinforcement across construction joints, unless otherwise indicated. Do 
not continue reinforcement through sides of pavement strips, unless otherwise 
indicated. 

3. Provide tie bars at sides of pavement strips where indicated. 

4. Use a bonding agent at locations where fresh concrete is placed against hardened or 
partially hardened concrete surfaces. 

5: Use epoxy bonding adhesive at locations where fresh concrete is placed against 
hardened or partially hardened concrete surfaces. 

Ç; Isolation Joints: Form isolation joints of preformed joint-filler strips abutting concrete 
curbs, catch basins, manholes, inlets, structures, walks, other fixed objects, and where 
indicated. 

1. Locate expansion joints at intervals indicated on drawings. 

2; Extend joint fillers full width and depth of joint. 

3. Terminate joint filler less than 12 mm or more than 25 mm below finished surface if 
joint sealant is indicated. 

4. Place top of joint filler flush with finished concrete surface if joint sealant is not 
indicated. 

5: Furnish joint fillers in one-piece lengths. Where more than one length is required, 
lace or clip joint-filler sections together. 

6. Protect top edge of joint filler during concrete placement with metal, plastic, or other 
temporary preformed cap. Remove protective cap after concrete has been placed on 
both sides of joint. 

D. Longitudinal and Transverse Joints: Constructed as indicated on the plans and in accordance 


with the following requirements: 


1. All joints shall be constructed true to line with their faces perpendicular to the surface 
of the pavement. 

2. Joints shall not vary more than 12mm from a true line or from their designated 
position. 

3. The vertical surface of the pavement adjacent to all expansion joints shall be finished 
to a true plane and edged to a radius of 6mm or as shown on the plans. 

4. The surface across the joints shall be tested with a 3m straightedge as the joints are 
finished and any irregularities in excess of 6mm shall be corrected before the concrete 
has hardened. 

5: Transverse joints shall be at right angles to the centerline of the pavement and shall 
extend the full width of the slab. 

6. The transverse joints in succeeding lanes shall be placed in line with similar joints in 
the first lane. All joints shall be so prepared, finished, or cut to provide a groove of 
the width and depth shown on the plans. 
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E. Slip-Form Construction: Transverse joints with dowels will require particular care to ensure 
the dowels are accurately placed and not disturbed during concrete placement. 


1. Transverse dowels will require use of an apparatus to firmly hold the dowels 
perpendicular to the joint and parallel to the slab surface. 

2; During the concrete placement operation, it is advisable to place plastic concrete 
directly on the dowel assembly immediately prior to passage of the paver to help 
maintain dowel alignment. 

F. Tie Bars: Deformed bars installed principally in longitudinal joints as shown on the plans. 

1. Tie bars shall be placed at right angles to the centerline of the concrete slab and shall 
be spaced at intervals shown on Drawings. 

2. Tie bars shall be held in position parallel to the pavement surface and midway 
between the surfaces of the slab. 

3. When tie bars extend into an unpaved lane, they may be bent at right angles against 
the form at longitudinal construction joints, unless threaded bolt or other assembled 
tie bars are specified. 

4. Tie bars shall not be painted, greased, or enclosed in sleeves. 

G. Dowel Bars: Dowel bars or other load-transfer units of an approved type shall be placed 


across transverse or other joints in the manner as specified on the plans. 


1. They shall be of the dimensions and spacing as shown and held rigidly in the middle 
of the slab depth in the proper horizontal and vertical alignment by an approved 
assembly device to be left permanently in place. 

2. The dowel or load-transfer and joint devices shall be rigid enough to permit complete 
assembly as a unit ready to be lifted and placed into position. 

3. A metal or other type dowel expansion cap of sleeve shall be furnished for each 
dowel bar used with expansion joints. 

4. These caps shall be substantial enough to prevent collapse and shall be placed on the 
ends of the dowels as shown on the plans. 

5. The caps or sleeves shall fit the dowel bar tightly and the closed end shall be 
watertight. 

6. The portion of each dowel painted with rust preventative paint and shall be 
thoroughly coated with asphalt MC-70, or an approved lubricant, to prevent the 
concrete from binding to that portion of the dowel. 

H. Install dowel bars and support assemblies at joints where indicated. Lubricate or asphalt- 


coat one-half of dowel length to prevent concrete bonding to one side of joint. 


I. Joints Installation: 


1. 


The top of an assembled joint device shall be set at the proper distance below the 
pavement surface and the elevation shall be checked. Such devices shall be set to the 
required position and line and shall be securely held in place by stakes or other means 
during the pouring and finishing of the concrete. The pre-molded joint material shall 
be placed and held in a vertical position; if constructed in sections, there shall be no 
offsets between adjacent units. Dowel bars shall be checked for exact position and 
alignment as soon as the joint device is staked in place, and the device shall be tested 
to determine whether it is firmly supported. The maximum permissible tolerance on 
dowel bar alignment in each plane, horizontal and vertical, shall not exceed 2 percent 
or 6mm per 300 mm of a dowel bar. The most effective way to obtain proper 
alignment is with well-fabricated dowel baskets and dowel assemblies. 
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2. When joints in concrete pavements are sawed, the joints shall be cut as shown on the 
plans. The circular cutter shall be capable of cutting a groove in a straight line and 
shall produce a slot at least 3mm wide so as to provide proper shape factor W/D for 
optimum performance in accordance with the manufacturer recommendations as 
shown on the plans. The groove edges shall be 6mm by 6mm chamfered or smoothed 
by a radius of 6mm to form a “bull nose” shape, depending on the type of joint and as 
shown on the drawings. When shown on the plans or required by the specifications, 
the top portion of the slot groove shall be widened by means of a second shallower 
cut or by suitable and approved beveling to provide adequate space for joint sealers. 
Sawing of the joints shall commence as soon as the concrete has hardened sufficiently 
to permit cutting without chipping, spalling, or tearing. Sawing shall be carried on 
both during the day and night as required. The joints shall be sawed at the required 
spacing consecutively in sequence of the concrete placement, unless otherwise 
approved by Engineer. 


J. Contraction Joints: Form weakened-plane contraction joints, sectioning concrete into areas 
as indicated. Construct contraction joints for a depth equal to at least one-fourth of the 
concrete thickness, as follows: 


1. Grooved Joints: Form contraction joints after initial floating by grooving and 
finishing each edge of joint with groover tool to the radius shown on drawings. 
Repeat grooving of contraction joints after applying surface finishes. Eliminate 
groover marks on concrete surfaces. 

2. Sawed Joints: Form contraction joints with power saws equipped with shatterproof 
abrasive or diamond-rimmed blades. Cut joints into concrete to the width shown on 
drawings, when cutting action will not tear, abrade, or otherwise damage surface and 
before developing random contraction cracks. 


K. Longitudinal Joints: 


1. Construction Type: Longitudinal construction joints necessary for lane construction 
shall be formed against suitable side forms as indicated in the plans. Wooden forms 
may be used under special conditions, when approved by Engineer. Where butt-type 
joints with dowels are designated, the dowels for this type shall be painted and 
greased. The edges of the joint shall be finished with a grooving tool or edging tool, 
and a space or slot shall be formed along the joint of the dimensions, as indicated, to 
receive the joint sealing material. Longitudinal construction joints shall be sawed to 
provide a groove at the top conforming to the details and dimensions indicated on the 
plans. Provisions shall be made for the installation of tie bars as noted on the plans. 

2. Contraction or Weakened - Plane Type: Longitudinal groove formed or sawed in the 
top of the slab shall be installed where indicated on the drawings. The groove shall 
be formed in the plastic concrete with suitable tools or material to obtain the width 
and depth specified, or it shall be sawed with approved equipment in the hardened 
concrete to the dimensions required. When the groove is formed in plastic concrete, 
it shall be true to line with not more than 6mm variation in 3m; it shall be uniform in 
width and depth; and the sides of the groove shall be finished even and smooth with 
an edging tool. If an insert material is used, the installation and edge finish shall be 
according to the manufacturer's instructions. The sawed groove shall be straight and 
of uniform width and depth. In either case, the groove shall be clean cut so that 
spalling will be avoided at intersections with transverse joints. Tie bars shall be 
installed across these joints where indicated on the plans. 

3. Expansion Type: Longitudinal expansion joints shall be installed as indicated on the 
plans. The pre-moulded filler, of the thickness as shown on the plans, shall extend 
for the full depth and width of the slab at the joint, except for space for sealant at the 
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top of the slab. The filler shall be securely staked or fastened into position 
perpendicular to the proposed finished surface. A metal cap shall be provided to 
protect the top edge of the filler and to permit the concrete to be placed and finished. 
After the concrete has been placed and struck off, the cap shall be carefully 
withdrawn leaving the space over the pre-moulded filler. The edge of the joint shall 
be finished and tooled while the concrete is still plastic. 


E; Transverse Joints: 
1. Expansion Type: 


a. Transverse expansion joints shall be installed at the locations and spacing as 
shown on the plans. The joints shall be installed at right angles to the 
centerline and perpendicular to the surface of the pavement. The joints shall be 
installed and finished to insure complete separation of the slabs. Expansion 
joints shall be of a pre-moulded type conforming to these specifications and 
with the plans and shall be the full width of the pavement strip. 

b. All concrete shall be cleaned from the top of the joint material. Before the 
pavement is opened to traffic, this space shall be swept clean and filled with 
approved joint sealing material. 

c. All devices used for the installation of expansion joints shall be approved by 
Engineer. They shall be easily removable without disturbing the concrete and 
held in proper transverse and vertical alignment. Immediately after forms are 
removed, any concrete bridging the joint space at the ends shall be removed for 
the full width and depth of the joint. 

d. When specified, expansion joints shall be equipped with dowels of the 
dimensions and at the spacing and location indicated on the plans. The dowels 
shall be firmly supported in place and accurately aligned parallel to the 
subgrade and the centerline of the pavement by means of a dowel assembly, 
which will remain in the pavement and will ensure that the dowels are not 
displaced during construction. 


2: Contraction Type: Transverse contraction joints, weakened-plane joints, or both, 
shall be installed at the locations and spacing as shown on the plans. These joints will 
be installed by forming a groove or cleft in the top of the slab while the concrete is 
still plastic or by sawing a groove into the concrete surface after the concrete has 
hardened in the same manner as specified. Dowel bar assemblies shall be installed as 
shown on the plans. 

3. Construction Type: Transverse construction joints shall be installed at the end of 
each day's placing operations and at any other points within a paving lane when 
concrete placement is interrupted for more than 30 minutes or it appears that the 
concrete will obtain its initial set before fresh concrete arrives. When the installation 
of the joint can be planned in advance, it shall be located at a contraction or 
expansion joint. The joint shall not be allowed within 2500 mm of a regular spaced 
transverse joint. If the pouring of the concrete has been stopped, causing a joint to fall 
within this limit, it shall not be installed, and the fresh placed concrete shall be 
removed back to the 2500 mm limit. 


M. Edging: Tool edges of pavement, gutters, curbs, and joints in concrete after initial floating 
with an edging tool to the radius shown on drawings. Repeat tooling of edges after applying 
surface finishes. Eliminate tool marks on concrete surfaces. 
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3.6 


3.7 


3.8 


CONDITIONING OF UNDERLYING COURSE, SLIP-FORM CONSTRUCTION: 


The base course on which the pavement will be placed shall extend approximately 900 mm 
beyond the paving machine track to support the paver without any noticeable deformation. 
Where necessary, the base course will be extended at own expense. 


If damage occurs to the base course, it shall be corrected full depth, or the damaged areas 
filled with concrete integral with the pavement. If traffic is allowed to use the prepared 
grade, the grade shall be checked and corrected immediately before the placement of 
concrete. 


The prepared grade shall be well moistened with water, without saturating, immediately 
ahead of concrete placement to prevent rapid loss of moisture from concrete. In cold 
weather the underlying base course shall be protected so that it will be entirely free of frost 
when concrete is placed. 


CONDITIONING OF UNDERLYING COURSE, SIDE-FORM CONSTRUCTION: 


Prepared Grade: Well moistened with water, without saturating, immediately ahead of 
concrete placement to prevent rapid loss of moisture from the concrete. 


If damage occurs to the base course, it shall be corrected full depth, or the damaged areas 
filled with concrete integral with the pavement. 


A multiple-pin template weighing not less than 454 kg per 6 m or other approved template 
shall be provided and operated on the forms immediately in advance of the placing of the 
concrete. The template shall be propelled only by hand and not attached to a tractor or other 
power unit. Templates shall be adjustable so that they may be set and maintained at the 
correct contour of the underlying course. The adjustment and operation of the template shall 
be such as will provide an accurate re-test of the grade before placing the concrete thereon. 
All excess material shall be removed. Low areas may be filled with concrete integral with 
the pavement. 


HANDLING, MEASURING, AND BATCHING MATERIAL 


Batch Plant Site: Layout, equipment, and provisions for transporting material shall assure a 
continuous supply of material to the work. 


Stockpiles: Built up in layers of not more than 900 mm in thickness. Each layer shall be 
completely in place before beginning the next layer and shall not be allowed to "cone" down 
over the next lower layer. Aggregates from different sources and of different grading shall 
not be stockpiled together. Improperly placed stockpiles will not be accepted by Engineer. 


Aggregates: Handled from stockpiles or other sources to the batching plant in such manner 
to secure the specified grading of the material. Aggregates that have become segregated or 
mixed with earth or foreign material shall not be used. All aggregates produced or handled 
by hydraulic methods, and washed aggregates, shall be stockpiled or binned for draining at 
least 12 hours before being batched. 


Cement: Stored in weather tight structures with raised floors or in suitable silos. Different 
consignments of bagged cement shall be used separately and in the order of delivery. If, for 
any reason, cement becomes partially set or contains lumps of caked cement, it shall be 
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rejected. Cement salvaged from discarded or used bags shall not be used. Also, cement 
manufactured more than twelve months prior to proposed use on site shall not be used. 


E. Aggregate: Fine and coarse aggregate shall be separately weighed into hoppers in the 
respective amounts set by Engineer in the job mix. Cement shall be measured by weight. 
Separate scales and hopper, with a device to positively indicate the complete discharge of 
the batch of cement into the batch box or container, shall be used for weighing the cement. 


F. When required by the contract or when permitted, batching plants shall be equipped to 
proportion aggregates and bulk cement, by weight, automatically using interlocked 
proportioning devices of an approved type. 


G. Water: Measured either by volume or by weight. The accuracy of measuring the water shall 
be within plus or minus 1 percent of required amounts. Unless the water is to be weighed, 
the water-measuring equipment shall include an auxiliary tank from which the measuring 
tank shall be filled. The measuring tank shall be equipped with an outside tap and valve to 
provide for checking the setting, unless other means are provided for readily and accurately 
determining the amount of water in the tank. The volume of the auxiliary tank shall be at 
least equal to that of the measuring tank. 


H. Methods and equipment for adding air-entraining agent or other admixtures to the batch, 
when required, shall be approved by Engineer. All admixtures shall be measured into the 
mixer with an accuracy of plus or minus 3 percent. 


3.9 CONCRETE PROTECTION AND CURING 


A. General: Protect concrete against loss of moisture and rapid temperature changes for at least 
seven days from beginning of the curing operation. Unhardened concrete shall be protected 
from rain and flowing water. All equipment needed for adequate curing and protection of 
the concrete shall be on hand, ready to use before concrete placement beings. A standby 
water truck capable of dispensing a fine spray of water shall be continuously available 
during paving operations to keep the concrete moist until the curing compound has been 
applied. Provide protection as necessary to prevent cracking of the pavement due to 
temperature changes during the curing period. 


B. Membrane Curing: Apply a uniform coating of white pigmented-type membrane curing 
compound to the entire exposed surface of the concrete by means of an approved automatic 
spraying machine as soon after finished as free water has disappeared from the finished 
surface. Coated formed surfaces immediately after the forms are removed and in no case 
longer than one hour after removal of forms. Do not allow concrete to dry before the 
application of the membrane. Moisten the surface of the concrete with a fine spray of water 
and apply curing compound as soon as the free water disappears, if any drying has occurred. 
The spraying machine shall be self-propelled and ride on the side forms, or previously 
constructed pavement straddling the newly paved lane. The machine is to have one or more 
spraying nozzles that can be controlled and operated to cover the pavement surface 
completely and uniformly with the required amount of curing compound. Thoroughly and 
continuously agitated curing compound in the drum used for the spraying operation 
mechanically throughout the full depth of the drum during application. Air agitation may be 
used only to supplement mechanical agitation. Provide sufficient spraying pressure to 
produce a fine spray as necessary to cover the surface thoroughly and completely with a 
uniform film. Maintain spray equipment in good mechanical condition and provide 
adequate wind guard to the spray nozzle. Apply curing compound with an overlapping 
coverage that will give a two-coat application at a coverage rate of not more than 0.1 L/sq. 
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3.10 


m for each coat or as recommended by the manufacturer. The application of curing 
compound by hand-operated pressure sprayers will be permitted only on odd widths or 
shapes of slabs as approved, and on concrete surfaces exposed by removal of forms. Apply 
the second coat, when application is made by hand-operated sprayer, in a direction 
approximately at right angles to the direction of the first coat. The compound is to form a 
uniform, continuous, cohesive film that will not check, crack or peel, and is free of pinholes 
and other discontinuities. Apply an additional coat, if pinholes, abrasions or other 
discontinuities exist, to the affected areas within 30 minutes. Respray concrete surfaces that 
are subjected to heavy rainfall or abrasive windblown sand within three hours after the 
curing compound has been applied as specified above. Respray areas where the curing 
membrane is damaged by subsequent construction operations within the curing period. 


1. Precautions shall be taken to ensure that concrete is properly cured at sawed joints, 
but that no curing compound enters the joints. Tightly seal top of joint opening and 
joint groove at exposed edges before concrete adjacent to the joint is resprayed. 
Sealing joint groove by using method that will prevent loss of moisture from the joint 
during the specified curing period. 

2. Provide approved standby facilities for during concrete pavement at an accessible 
location at the jobsite for use in the event of mechanical failure of the spraying 
equipment, or other conditions that might prevent correct application of curing 
compound at the proper time. 

3: Protect concrete surfaces to which curing compounds have been applied during the 
curing period from pedestrian and vehicular traffic except as required of joint-sawing 
operations and surface testing, and from any other possible damage to the continuity 
of the membrane. 


Protection: Protect pavement and its appurtenances from damage caused by all traffic. The 
Engineer will decide when the pavement may be cleaned and opened to traffic, but not 
earlier than 14 days after concrete placing. Protect freshly placed concrete from premature 
drying and excessive cold or hot temperatures. Comply with the recommendations of ACI 
306R for cold weather protection and ACI 305R for hot weather protection during curing. 


CONCRETE PLACEMENT 


Inspection: Before placing concrete, inspect and complete formwork installation, 
reinforcement steel, and items to be embedded or cast in. Notify other trades to permit 
installation of their work. 


Moisten subbase to provide a uniform dampened condition at the time concrete is placed. 
Do not place concrete around manholes or other structures until they are at the required 
finish elevation and alignment. 


Comply with requirements and with recommendations in ACI 304R for measuring, mixing, 
transporting, and placing concrete. 


Do not add water to concrete during delivery, at Project site, or during placement. 


Deposit and spread concrete in a continuous operation between transverse joints. Do not 
push or drag concrete into place or use vibrators to move concrete into place. 


Consolidate concrete by mechanical vibrating equipment supplemented by hand-spading, 
rodding, or tamping. Use equipment and procedures to consolidate concrete according to 
recommendations in ACI 309R. 
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1. Consolidate concrete along face of forms and adjacent to transverse joints with an 
internal vibrator. Keep vibrator away from joint assemblies, reinforcement, or side 
forms. Use only square-faced shovels for hand-spreading and consolidation. 
Consolidate with care to prevent dislocating reinforcement, dowels, and joint devices. 


G. Place concrete in two operations; strike off initial pour for entire width of placement and to 
the required depth below finish surface. Lay welded wire fabric or fabricated bar mats (if 
any) immediately in final position. Place top layer of concrete, strike off, and screed. 


1. Remove and replace portions of bottom layer of concrete that have been placed more 
than 15 minutes without covered by top layer or use bonding agent if approved by 
Engineer. 
H. Following the placing of the concrete, it shall be struck off to conform to the cross section 


shown on the plans and to an elevation such that when the concrete is properly consolidated 
and finished, the surface of the pavement shall be at the elevation shown on the plans. 


I. Screed pavement surfaces with a straightedge and strike off. Commence initial floating 
using bull floats or derbies to form an open textured and uniform surface plane before 
excess moisture or bleed water appears on the surface. Do not further disturb concrete 
surfaces before beginning finishing operations or spreading dry-shake surface treatments. 


J. Curbs and Gutters: When automatic machine placement is used for curb and gutter 
placement, submit revised mix design and laboratory test results that meet or exceed 
requirements. Produce curbs and gutters to required cross section, lines, grades, finish, and 
jointing as specified for formed concrete. If results are not approved, remove and replace 
with formed concrete. 


K. Side Form Method: 


1. The concrete shall be deposited on the moistened grade to require as little re-handling 
as possible. Unless truck mixers, truck agitators, or non-agitating hauling equipment 
are equipped with means for discharge of concrete without segregation of the 
materials, the concrete shall be unloaded into an approved spreading device and 
mechanically spread on the grade to prevent segregation of the materials. Placing 
shall be continuous between transverse joints without the use of intermediate 
bulkheads. Necessary hand spreading shall be done with shovels - not rakes. 
Workmen shall not be allowed to walk in the freshly mixed concrete with boots or 
shoes coated with earth or foreign substances. 

2. When concrete is to be placed adjoining a previously constructed lane of pavement 
and when mechanical equipment will be operated upon the existing lane of pavement, 
the concrete shall be at least 7 days old and at a flexural strength approved by 
Engineer. 

3. Concrete shall be thoroughly consolidated against and along the faces of all forms 
and along the full length and on both sides of all joint assemblies by means of 
vibrators inserted in the concrete. Vibrators shall not be permitted to come in contact 
with a joint assembly, the grade, or a side form. In no case shall the vibrator be 
operated longer than 15 seconds in any one location, nor shall the vibrators be used to 
move the concrete. 

4. Concrete shall be deposited as near to expansion and contraction joints as possible 
without disturbing them but shall not be dumped from the discharge bucket or hopper 
onto a joint assembly unless the hopper is well centered on the joint assembly. 

5. Should any concrete materials fall on or be worked into the surface of a completed 
slab, they shall be removed immediately by approved methods. 
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L. Slip-Form Method: 

1. The concrete shall be placed with an approved crawler-mounted, slip-form paver 
designed to spread, consolidate, and shape the freshly placed concrete in one 
complete pass of the machine so that a minimum of hand finishing will be necessary 
to provide a dense and homogeneous pavement in conformance with requirements of 
the plans and specifications. The concrete should be placed directly on top of the joint 
assemblies to prevent them from moving when the paver moves over them. Side 
forms and finishing screeds shall be adjustable to the extent required to produce the 
specified pavement edge and surface tolerance. The side forms shall be of 
dimensions, shape, and strength to support the concrete laterally for a sufficient 
length of time so that no appreciable edge slumping will occur. Final finishing shall 
be accomplished while the concrete is still in the plastic state. 

M. — Slip-Form Pavers: When automatic machine placement is used for pavement, submit revised 
mix design and laboratory test results that meet or exceed requirements. Produce pavement 
to required thickness, lines, grades, finish, and jointing as required for formed pavement. 

1. Compact subbase and prepare subgrade of sufficient width to prevent displacement of 
paver machine during operations. 

N. | When adjoining pavement lanes are placed in separate pours, do not operate equipment on 
concrete until pavement has attained 85 percent of its 28-day compressive strength. 

O. Hot-Weather Placement: Place concrete according to recommendations in ACI 305R and as 
follows when hot-weather conditions exist: 

1. Cool ingredients before mixing to maintain concrete temperature at time of placement 
below 32 deg C. Chilled mixing water or chopped ice may be used to control 
temperature, provided water equivalent of ice is calculated to total amount of mixing 
water. Using liquid nitrogen to cool concrete is subject to the approval of the 
Engineer. 

2: Cover reinforcement steel with water-soaked burlap so steel temperature will not 
exceed ambient air temperature immediately before embedding in concrete. 

3. Fog-spray forms, reinforcement steel, and subgrade just before placing concrete. 
Keep subgrade moisture uniform without standing water, soft spots, or dry areas. 

4. Concreting shall not be permitted when the rate of evaporation exceeds 1.0 kg/m2/hr. 
(ACI 305R "Guide to Hot Weather Concreting"). 

3.11 CONCRETE FINISHING 

A. General: Wetting of concrete surfaces during screeding, initial floating, or finishing 
operations is prohibited. 

B. Float Finish: Begin the second floating operation when bleed-water sheen has disappeared, 
and the concrete surface has stiffened sufficiently to permit operations. Float surface with 
power-driven floats, or by hand floating if area is small or inaccessible to power units. 
Finish surfaces to true planes. Cut down high spots and fill low spots. Refloat surface 
immediately to uniform granular texture. 

1. Burlap Finish: Drag a seamless strip of damp burlap across float-finished concrete, 
perpendicular to line of traffic, to provide a uniform, gritty texture. 
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2: Medium-to-Fine-Textured Broom Finish: Draw a soft bristle broom across float- 
finished concrete surface perpendicular to line of traffic to provide a uniform, fine- 
line texture. 

3. Medium-to-Coarse-Textured Broom Finish: Provide a coarse finish by striating float- 
finished concrete surface 1.6 to 3 mm deep with a stiff-bristled broom, perpendicular 
to line of traffic. 


3.12 FINAL STRIKE-OFF, CONSOLIDATION AND FINISHING 

A. Sequence: The sequence of operations shall be the strike-off and consolidation, floating and 
removal of laitance, straight edging, and final surface finish. The addition of superficial 
water to the surface of the concrete to assist in finishing operations generally will not be 
permitted. If the application of water to the surface is permitted, it shall be applied as a fog 
spray by means of approved spray equipment. 

B. Strike-Off of Concrete: Following the placing of the concrete, it shall be struck off to 
conform to the cross section shown on the plans and to an elevation such that when the 
concrete is properly consolidated and finished, the surface of the pavement shall be at the 
elevation shown on the plans. 

C. Finishing at Joints: 

1. The concrete adjacent to joints shall be compacted or firmly placed without voids or 
segregation against the joint material; it shall be firmly placed without voids or 
segregation under and around all load-transfer devices, joint assembly units, and other 
features designed to extend into the pavement. 

2. Concrete adjacent to joints shall be mechanically vibrated. After the concrete has 
been placed and vibrated adjacent to the joints, the finishing machine shall be 
operated in a manner to avoid damage or misalignment of joints. 

3. If uninterrupted operations of the finishing machine, to, over, and beyond the joints, 
cause segregation of concrete, damage to, or misalignment of the joints, the finishing 
machine shall be stopped when the screed is approximately 200mm from the joint. 

4. Segregated concrete shall be removed from the front of and off the joint, the screed 
shall be lifted and set directly on top of the joint, and the forward motion of the 
finishing machine shall be resumed. Thereafter, the finishing machine may be run 
over the joint without lifting the screed, provided there is no segregated concrete 
immediately between the joint and the screed or on top of the joint. 

D. Machine Finishing: 

1. The concrete shall be spread as soon as it is placed, and it shall be struck off and 
screeded by an approved finishing machine. The machine shall go over each area as 
many times and at such intervals as necessary to give the proper consolidation and to 
leave a surface of uniform texture. 

2: Excessive operation over a given area shall be avoided. When side forms are used, 
the tops of the forms shall be kept clean by an effective device attached to the 
machine, and the travel of the machine on the forms shall be maintained true without 
lift, wobbling, or other variation tending to affect the precision finish. During the 
first pass of the finishing machine, a uniform ridge of concrete shall be maintained 
ahead of the front screed for its entire length. 

CONCRETE PAVING 321313 - Page 24 of 31 


P21161/4309-04-TD-SPC-15A-GE-01 REV 0 


RFP — Karachi Mobility Project (Yellow BRT) — PK-SMTA-334960-CW-RFP 
Procurement of Package - 4: NEW JAM SADIQ BRIDGE (Yellow Corridor Segment 3) 
Volume (2): Part (B) Specifications (2 of 2) - 321313 - Concrete Paving 


When in operation, the screed shall be moved forward with a combined longitudinal 
and transverse shearing motion, always moving in the direction in which the work is 
progressing, and so manipulated that neither end is raised from the side forms during 
the striking-off process. If necessary, this shall be repeated until the surface is of 
uniform texture, true to grade and cross section, and free from porous areas. 


E. Hand Finishing: 


1. 


Hand finishing methods will not be permitted, except under the following conditions: 


a. In the event of breakdown of the mechanical equipment, hand methods may be 
used to finish the concrete already deposited on the grade. 
b. In areas of narrow widths or of irregular dimensions where operation of the 


mechanical equipment is impractical. 


Concrete, as soon as placed, shall be struck off and screeded. An approved portable 
screed shall be used. A second screed shall be provided for striking off the bottom 
layer of concrete when reinforcement is used. 

The screed for the surface shall be at least 600 mm longer than the maximum width 
of the slab to be struck off. It shall be of approved design, sufficiently rigid to retain 
its shape, and shall be constructed either of metal or of other suitable material covered 
with metal. Consolidation shall be attained by the use of a suitable vibrator. 


F. Floating: After the concrete has been struck off and consolidated, it shall be further 
smoothed, trued, and consolidated by means of a longitudinal float, using approved hand or 
machine methods. 


G. Straight-Edge Testing and Surface Correction: 


1. 


After the pavement has been struck off and consolidated and while the concrete is 
still plastic, it shall be tested for trueness with a 4.8m straightedge. Furnish and use 
an accurate 4.8m straightedge swung from handles 900 mm longer than one-half the 
width of the slab. 

The straightedge shall be held in contact with the surface in successive positions 
parallel to the centerline and the whole area gone over from one side of the slab to the 
other, as necessary. Advancing shall be in successive stages of not more than one- 
half the length of the straightedge. Any excess water and laitance shall be removed 
from the surface of the pavement. 

Any depressions shall be immediately filled with freshly mixed concrete, struck off, 
consolidated, and refinished. High areas shall be cut down and refinished. 

Special attention shall be given to assure that the surface across joints meets the 
requirements for smoothness. Straightedge testing and surface corrections shall 
continue until the entire surface is found to be free from observable departures from 
the straightedge and until the slab conforms to the required grade and cross section. 
The use of long-handled wood floats shall be confined to a minimum; they may be 
used only in emergencies and in areas not accessible to finishing equipment. 
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3.13 SPECIAL FINISHES 

A. Monolithic Exposed Aggregate Finish: Expose coarse aggregate to pavement surfaces as 
follows: 

1. Immediately after floating, spray-apply chemical surface retarder to pavement 
according to manufacturer's written instructions. 

2. Cover with plastic sheeting, sealing laps with tape, and remove when ready to 
continue finishing operations. 

3. Without dislodging aggregate, remove excess mortar by lightly brushing surface with 
a stiff, nylon bristle broom. 

4. Fine-spray surface with water and brush. Repeat water flushing and brushing cycle 
until cement film is removed from aggregate surfaces to depth required. 

B. Seeded Exposed Aggregate Finish: Immediately after floating, broadcast a single layer of 
aggregate uniformly onto the pavement surface. Tamp seeded aggregate into plastic 
concrete, and float to entirely embed aggregate with mortar cover of 1.6 mm. 

1. Spray-apply chemical surface retarder to pavement according to manufacturer's 
written instructions. 

2: Cover pavement surface with plastic sheeting, sealing laps with tape, and remove 
when ready to continue finishing operations. 

3. Without dislodging aggregate, remove excess mortar by lightly brushing surface with 
a stiff, nylon bristle broom. 

4. Fine-spray surface with water and brush. Repeat water flushing and brushing cycle 
until cement film is removed from aggregate surfaces to depth required. 

C. Slip-Resistant Aggregate Finish: Before final floating, apply slip-resistant aggregate finish 
to pavement surfaces according to manufacturer's written instructions and as follows: 

1. Uniformly spread 12 kg/10 sq. m of dampened nonslip aggregate over the surface. 
Tamp aggregate flush with surface using a steel trowel, but do not force below 
surface. 

2. After curing, lightly work surface with a steel wire brush or an abrasive stone, and 
water to expose nonslip aggregate. 

D. — Rock-Salt Finish: After initial floating, uniformly seed 0.2 kg/10 sq. m over the concrete 
surface. 

1. Cover surface with 0.025-mm thick polyethylene sheet and remove when concrete 
has hardened and seven-day curing period has elapsed. 

2: Embed rock salt into plastic concrete, power float concrete, and trowel finish. 

3. After seven-day curing period, saturate concrete with water and broom-sweep surface 
to dissolve remaining rock salt. 

E. Colored Dry-Shake Hardener Finish: After initial floating, apply colored dry-shake 
materials to pavement surfaces according to manufacturer's written instructions and as 
follows: 

1. Uniformly apply colored dry-shake materials at a rate of 49 kg/10 sq. m, unless 
greater amount is recommended by manufacturer to match pavement color required. 
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3.14 


3.15 


3.16 


3.17 


2. Uniformly distribute approximately two-thirds of colored dry-shake material over the 
concrete surface with mechanical spreader and embed by power floating. Follow 
power floating with a second shake application, uniformly distributing remainder of 
dry-shake material to ensure uniform color and embed by power floating. 

3. After final floating, apply a hand-trowel finish followed by a broom finish to 
concrete. Cure concrete with curing compound recommended by dry-shake material 
manufacturer. Apply curing compound immediately after final finishing. 


SURFACE TEXTURE: 
Brush or Broom Finish: 


1. A brush or broom finish shall be applied to all newly constructed concrete pavements 
when the water sheen has practically disappeared. 

2: The equipment shall operate transversely across the pavement surface, providing 
corrugations that are uniform in appearance and approximately 2 mm in depth. 

3: It is important that the texturing equipment not tear or unduly roughen the pavement 
surface during the operation. Any imperfections resulting from the texturing 
operation shall be corrected. 


SKID RESISTANT SURFACES: 


Wire Combing: A skid resistant surface shall be provided by wire combing in plastic 
concrete. The wire combing technique shall use steel combs or tines of various dimensions 
to form groove-like texture in the plastic concrete pavement and shall provide grooves that 
are approximately 3 mm by 3 mm spaced 13 mm center-to-center. 


SURFACE TEST: 


As soon as the concrete has hardened sufficiently, the pavement surface shall be tested with 
a 4.8 m straightedge or another specified device. Areas in a slab showing high spots of 
more than 6 mm but not exceeding 12 mm in 4.8 m shall be marked and immediately 
ground down with an approved grinding machine to an elevation that will fall within the 
tolerance of 6 mm or less. Where the departure from correct cross section exceeds 12 mm, 
the pavement shall be removed and replaced at own expense when so directed by Engineer. 


Any area or section so removed shall not be less than 3 m in length nor less than the full 
width of the lane involved. When it is necessary to remove and replace a section of 
pavement, any remaining portion of the slab adjacent to the joints that is less than 3 m in 
length shall also be removed and replaced. 


REMOVING FORMS 


Unless otherwise specified, forms shall not be removed from freshly placed concrete until it 
has set for at least 12 hours, except where auxiliary forms are used temporarily in widened 
areas. Forms shall be removed carefully to avoid damage to the pavement. After the forms 
have been removed, the sides of the slab shall be cured. Major honeycombed areas shall be 
considered as defective work and shall be removed and replaced. Any area or section so 
removed shall not be less than 3 m in length nor less than the full width of the lane involved. 
When it is necessary to remove and replace a section of pavement, any remaining portion of 
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the slab adjacent to the joints that is less than 3 m in length shall also be removed and 
replaced. 


3.18 SEALING JOINTS 
A. The joints in the pavement shall be sealed as shown on Drawings and as specified in Section 
321373. 
3.19 OPENING TO TRAFFIC 
A. Engineer shall decide when the pavement shall be opened to traffic. The pavement will not 
be opened to traffic until test specimens moulded and cured in accordance with ASTM 

C31/C31M have attained the specified flexural strength when tested in accordance with 

ASTM (C78/C78M, or at least 10 days after casting, whichever is reached first, unless 

otherwise acceptable to Engineer. 

3.20 PAVEMENT TOLERANCES 
A. Comply with tolerances of ACI 117 and as follows: 

1. Elevation: 6 mm. 

2. Thickness: Plus 9 mm, minus 6 mm. 

3. Surface: Gap below 3-m long, unleveled straightedge not to exceed 6 mm. 

4. Lateral Alignment and Spacing of Tie Bars and Dowels: 25 mm. 

J: Vertical Alignment of Tie Bars and Dowels: 6 mm. 

6. Alignment of Tie-Bar End Relative to Line Perpendicular to Pavement Edge: 13 mm. 

7. Alignment of Dowel-Bar End Relative to Line Perpendicular to Pavement Edge: 
Length of dowel 6 mm per 300 mm. 

8 Joint Spacing: 75 mm. 

9. Contraction Joint Depth: Plus 6 mm, no minus. 

10. Joint Width: Plus 3 mm, no minus. 

B. Extreme care must be exercised in all phases of the operation to assure the pavement will 
pass the specified tolerances. The following tolerances are applicable: 

1. Lateral deviation from established alignment of the pavement edge shall not exceed 
plus or minus 30 mm in any lane. 

2: Vertical deviation from established grade shall not exceed plus or minus 12 mm at 
any point. 

3. Surface smoothness deviations shall not exceed 6 mm from a 4.8 m straightedge 
placed in any direction, including placement along and spanning any pavement joint 
or edge. 

3.21 WHEEL STOPS 
A. Securely attach wheel stops into pavement with not less than two galvanized steel dowels 
embedded in holes cast into wheel stops. Firmly bond each dowel to wheel stop and to 
pavement. Extend upper portion of dowel 125 mm into wheel stop. 
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3.22 


FIELD QUALITY CONTROL 


Slump: One test at point of discharge for each day's pour of concrete. Additional tests when 
concrete consistency seems to have changed. 


Concrete Temperature: Test hourly when air temperature is 4 deg C and below, and when 27 
deg C and above, and each time a set of flexural test beams are made. 


Flexural Strength: 


1. 


Flexural test beams shall be made for each day's pour exceeding 4 cu.m, plus 
additional sets for each 40 cu.m over and above the first 20 cu. m. Each group of test 
beams shall be moulded from the same batch of concrete and shall consist of a 
sufficient number of specimens to provide two flexural strength tests at each test age. 
The specimens shall be made in accordance with ASTM C31/C31M. However, at the 
start of paving operations and when the aggregate source, aggregate characteristics, or 
mix design is changed, additional groups of test beams may be required until 
Engineer is satisfied that the concrete mixture being used complies with the strength 
requirements of these specifications. Test ages will be 7 days and 28 days. 

The flexural strength of the concrete shall meet the following requirements: 


a. The average of any 4 consecutive strength tests, tested at the end of 28 days, 
shall have an average flexural strength equal to or greater than the specified 
flexural strength. 

b. Not more than 20 percent of the beams tested at the end of 28 days shall have a 
flexural strength less than the specified strength. 

c. No specimen shall have a flexural strength less than 90% of the specified 
flexural strength. 


Specimens, which are obviously defective, shall not be considered in the 
determination of the strength. When it appears that the test specimens will fail to 
conform to the requirements for strength, Engineer shall have the right to order 
changes in the concrete sufficient to increase the strength to meet the requirements. 
When a satisfactory relationship between 7-days and 28-day strengths has been 
established and approved, the 7-day test results may be used as an indication of the 
28-day strengths. However, the 7-day test results will not replace the results of the 
28-day tests if the 28-day results fall below the requirements. 


Testing Agency: Engage a qualified independent testing and inspection agency to sample 
materials, perform tests, and submit test reports during concrete placement according to 
requirements specified in this Article. 


Testing Services: Testing shall be performed according to the following requirements: 


1. 


Sampling Fresh Concrete: Representative samples of fresh concrete shall be obtained 
according to ASTM C172/C172M, except modified for slump to comply with ASTM 
C 94/ C94M. 

Slump: ASTM C143/C143M;; one test at point of placement for each flexural and/or 
compressive-strength test, but not less than one test for each day's pour of each type 
of concrete. Additional tests will be required when concrete consistency changes. 

Air Content: ASTM C231/C231M, pressure method; one test for each flexural and/or 
compressive strength test, but not less than one test for each day's pour of each type 
of air-entrained concrete. 


CONCRETE PAVING 321313 - Page 29 of 31 
P21161/4309-04-TD-SPC-15A-GE-01 REV 0 


RFP — Karachi Mobility Project (Yellow BRT) — PK-SMTA-334960-CW-RFP 
Procurement of Package - 4: NEW JAM SADIQ BRIDGE (Yellow Corridor Segment 3) 
Volume (2): Part (B) Specifications (2 of 2) - 321313 - Concrete Paving 


3.23 


4. Concrete Temperature: ASTM C1064/C1064M; one test hourly when air temperature 
is 4.4 deg C and below and when 27 deg C and above, and one test for each set of 
flexural and/or compressive-strength specimens. 

5. Compression Test Specimens: ASTM C31/C31M; one set of four standard cylinders 
for each compressive-strength test, unless otherwise indicated. Cylinders shall be 
molded and stored for laboratory-cured test specimens unless field-cured test 
specimens are required. 

6. Compressive-Strength Tests: ASTM C39/C39M; one set for each day's pour of each 
concrete class exceeding 4 cu. m, but less than 19 cu. m, plus one set for each 
additional 38 cu. m. One specimen shall be tested at 7 days and two specimens at 28 
days; one specimen shall be retained in reserve for later testing if required. 

Ts When frequency of testing will provide fewer than five compressive-strength tests for 
a given class of concrete, testing shall be conducted from at least five randomly 
selected batches or from each batch if fewer than five are used. 


8. When total quantity of a given class of concrete is less than 38 cu. m, Engineer may 
waive compressive-strength testing if adequate evidence of satisfactory strength is 
provided. 

9. When strength of field-cured cylinders is less than 85 percent of companion 


laboratory-cured cylinders, current operations shall be evaluated, and corrective 
procedures shall be provided for protecting and curing in-place concrete. 

10. Strength level of concrete will be considered satisfactory if averages of sets of three 
consecutive compressive-strength test results equal or exceed specified compressive 
strength and no individual compressive-strength test result falls below specified 
compressive strength by more than 3.4 MPa. 

11. Water Absorption and Depth of Penetration Testing: BS 1881-122 and BS EN 12390- 
8; minimum of four standard cylinders shall be obtained at the start of concreting 
works for each permeability test, unless otherwise indicated by the Engineer. 


Test results shall be reported in writing to Engineer, concrete manufacturer, and Contractor 
within 24 hours of testing. Reports of compressive-strength tests shall contain Project 
identification name and number, date of concrete placement, name of concrete testing 
agency, concrete type and class, location of concrete batch in pavement, design compressive 
strength at 28 days, concrete mix proportions and materials, compressive breaking strength, 
and type of break for both 7- and 28-day tests. 


Nondestructive Testing: Impact hammer, sonoscope, or other nondestructive device may be 
permitted by Engineer but will not be used as the sole basis for approval or rejection. 


Additional Tests: Testing agency shall make additional tests of the concrete when test 
results indicate slump, air entrainment, concrete strengths, or other requirements have not 
been met, as directed by Engineer. Testing agency may conduct tests to determine adequacy 
of concrete by cored cylinders complying with ASTM C 42/ C42M, or by other methods as 
directed. 


REPAIRS AND PROTECTION 


Remove and replace concrete pavement that is broken, damaged, or defective, or does not 
meet requirements in this Section. 


Drill test cores where directed by Engineer when necessary to determine magnitude of 
cracks or defective areas. Fill drilled core holes in satisfactory pavement areas with 
Portland cement concrete bonded to pavement with epoxy adhesive. 
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C: Protect concrete from damage. Exclude traffic from pavement for at least 14 days after 
placement. When construction traffic is permitted, maintain pavement as clean as possible 
by removing surface stains and spillage of materials as they occur. 


D. Maintain concrete pavement free of stains, discoloration, dirt, and other foreign material. 


Sweep concrete pavement not more than two days before date scheduled for Taking Over 
inspections. 


END OF SECTION 321313 
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SECTION 321373 - CONCRETE PAVING JOINT SEALANTS 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including Conditions of Contract and 
Division 1 Specification Sections, apply to this Section. 


1.2 SUMMARY 
A. This Section includes the following: 


Cold-applied joint sealants. 

Cold-applied, jet-fuel-resistant joint sealants. 

Hot-applied joint sealants. 

Hot-applied, jet-fuel-resistant joint sealants. 

Expansion, construction and contraction joints within cement concrete pavement. 
Joints between cement concrete and asphalt pavement. 


O02, 


B. Related Requirements: 


1. Section 321216 "Asphalt Paving" for constructing joints between concrete and 
asphalt pavement. 
2: Section 321313 "Concrete Paving" for constructing joints in concrete pavement. 


1.3 DEFINITIONS 


A. Joint sealant is a material that absorbs movement of incompressible material into the joint 
system and minimizes infiltration of surface water. Secondarily, sealants are also purported 
to reduce the potential for dowel bar corrosion by reducing entrance of de-icing chemicals. 
Joint Sealers: Produced and installed to establish and maintain watertight and air tight 
continuous seals. 


B. Joint Sealers are produced and installed to establish and maintain watertight and air tight 
continuous seals. 


1.4 ACTION SUBMITTALS 


A. Samples for Initial Selection Purposes: Manufacturer’s standard bead samples consisting of 
strips of actual products showing full range of colors available, for each product exposed to 
view. 


B. Samples for Verification: For each type and color of joint sealant required. Install joint- 
sealer samples in 6-mm wide joints formed between two 150-mm long strips of material 
matching the appearance of exposed surfaces adjacent to joint sealants. 
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1.5 INFORMATIONAL SUBMITTALS 


A. Product Certificates: Signed by manufacturers of joint sealants certifying that products 
furnished comply with requirements and are suitable for the use indicated. 


B. Qualification Data: For firms and persons specified in "Quality Assurance" Article to 
demonstrate their capabilities and experience. Include lists of completed projects with 
project names and addresses, names and addresses of engineers and employers, and other 
information specified or required by Engineer. 


C. Compatibility and Adhesion Test Reports: From joint elastomeric sealant manufacturer 
indicating the following: 


1. Materials forming joint substrates and elastomeric backer materials have been tested 
for compatibility and adhesion with joint sealants. 


2. Interpretation of test results and written recommendations for primers and substrate 
preparation needed for adhesion. 


D. Product Test Reports: From a qualified testing agency indicating joint sealants comply with 
requirements, based on comprehensive testing of current product formulations. 


E. Preconstruction Field Test Report: Indicating which products and joint preparation methods 
demonstrated acceptable adhesion to joint substrates. 


1.6 QUALITY ASSURANCE 


A. Installer Qualifications: An experienced installer who has specialized in installing joint 
sealants similar in material, design, and extent to those indicated for this Project and whose 
work has resulted in joint-sealant installations with a record of successful in-service 
performance. 


B. Source Limitations: Obtain each type of joint sealant through one source from a single 
manufacturer. 


C. Product Testing: Obtain test results for "Product Test Reports" mentioned in Sub-Article 
1.3.G above from a qualified testing agency, based on testing current sealant formulations 
within a 36-month period. 


1. Testing Agency Qualifications: An independent testing agency qualified according to 
ASTM C1021. 
2: Sampling and testing of joint sealing material shall be in accordance with ASTM 
D5329. 
D. Product Testing: Provide comprehensive test data for each type of joint sealer based on 


tests conducted by a qualified independent testing laboratory on current product 
formulations within a 24-month period preceding date of submittal of test results to 
Engineer. 


1. Test elastomeric sealants for compliance with requirements specified by reference to 
ASTM C 920. Include test results for hardness, stain resistance, adhesion and 
cohesion under cyclic movement (per ASTM C719), low-temperature flexibility, 
modulus of elasticity at 100 percent strain, effects of heat aging, and effects of 
accelerated weathering. 


CONCRETE PAVING JOINT SEALANTS 321373 - Page 2 of 14 
P21161/4309-04-TD-SPC-15A-GE-01 REV 0 


RFP — Karachi Mobility Project (Yellow BRT) — PK-SMTA-334960-CW-RFP 
Procurement of Package - 4: NEW JAM SADIQ BRIDGE (Yellow Corridor Segment 3) 
Volume (2): Part (B) Specifications (2 of 2) - 321373 - Concrete Paving Joint Sealants 


2. For all exterior sealant systems, furnish test results performed on joint sealers after 
they have cured 1 year. 


E. Preconstruction Compatibility and Adhesion Testing: Submit to joint sealant manufacturer, 
for testing indicated below, samples of materials that will contact or affect joint sealants. 


1. Use manufacturer's standard test methods to determine whether priming and other 
specific joint preparation techniques are required to obtain rapid, optimum adhesion 
of joint sealants to joint substrates. 


a. Perform tests under environmental conditions replicating those that will exist 
during installation. 


2. Submit not less than nine pieces of each type of material, including joint substrates, 
shims, joint-sealant backer materials, secondary seals, and miscellaneous material. 

3. Schedule sufficient time for testing and analyzing results to prevent delaying the 
Works. 

4. Investigate materials failing compatibility or adhesion tests and obtain joint sealer 


manufacturer's written recommendations for corrective measures, including use of 
specially formulated primers. 

5; Testing will not be required if joint sealant manufacturer submits joint preparation 
data that are based on previous testing of current sealant products for adhesion to, and 
compatibility with, joint substrates and other materials matching those submitted. 


F. Preconstruction Field Testing: Prior to installation of joint sealants, field-test their adhesion 
to joint substrates as follows: 


1. Locate test joints where indicated or, if not indicated, as directed by Engineer. 
2. Conduct field tests for each application indicated below: 

a. Each type of elastomeric sealant and joint substrate indicated. 

b. Each type of non-elastomeric sealant and joint substrate indicated. 
3. Arrange for tests to take place in presence of Engineer. 


4. Test Method: Test joint sealers by hand pull method described below: 


a. Install joint sealants in 1500mm joint lengths using same materials and 
methods for joint preparation and joint sealant installation required for 
completed Works. Allow sealants to cure fully before testing. 

b. Make knife cuts as follows: A horizontal cut from one side of joint to the other 
followed by 2 vertical cuts approximately 50mm long at side of joint and 
meeting horizontal cut at top of 50mm cuts. Place a mark 25 mm from top of 
50 mm piece. 

c. Use fingers to grasp 50mm piece of sealant just above 25mm mark; pull firmly 
down at a 90 degree angle or more while holding a ruler alongside of sealant. 
Pull sealant out of joint to the distance recommended by sealant manufacturer 
for testing adhesive capability, but not less than that equaling specified 
maximum movement capability in extension; hold this position for 10 seconds. 


5. Report whether or not sealant in joint connected to pull out portion failed to adhere to 
joint substrates or tore cohesively. Include data on pull distance used to test each 
type of product and joint substrate. 
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G. 


1.7 


A. 


B. 


1.8 


A. 


B. 


6. Evaluation of Field Test Results: Sealants not evidencing adhesive failure from 
testing, in absence of other indications of noncompliance with requirements, will be 
considered satisfactory. Do not use sealants, which fail to adhere to joint substrates 
during testing. 


Field-Constructed Mock-Ups: Prior to installation of joint sealers, apply elastomeric 
sealants to the following selected pavement joints as indicated below for further verification 
of colors selected from sample submittals and to represent completed work for qualities of 
appearance, materials, and application: 


1. Joints in field-constructed mock-ups of assemblies specified in other sections, which 
are indicated to receive elastomeric joint sealants specified in this section. 
2. Retain mock-ups during construction as standard for judging completed construction 


DELIVERY, STORAGE AND HANDLING 


Deliver materials to Project site in original unopened containers or bundles with labels 
indicating manufacturer, product name and designation, color, expiration date, pot life, 
curing time, and mixing instructions for multi-component materials. 


Store and handle materials to comply with manufacturer's written instructions to prevent 
their deterioration or damage due to moisture, high or low temperatures, contaminants, or 
other causes. 


PROJECT CONDITIONS 


Environmental Limitations: Do not proceed with installation of joint sealants under the 
following conditions: 


1. When ambient and substrate temperature conditions are outside limits permitted by 
joint sealant manufacturer. 

2. When joint substrates are wet due to rain, condensation, or other causes. 

3. Where joint widths are less than those allowed by joint-sealant manufacturer for 
applications indicated. 

4. Where contaminants capable of interfering with adhesion have not yet been removed 


from joint substrates. 


Traffic Control: Maintain access for vehicular and pedestrian traffic as required for other 
construction activities. 


PART 2 - PRODUCTS 


2.1 MATERIALS, GENERAL 
A. Compatibility: Provide joint sealants, backing materials, and other related materials that are 
compatible with one another and with joint substrates under conditions of service and 
application, as demonstrated by joint sealant manufacturer based on testing and field 
experience. 
B. Colors of Exposed Joint Sealants: Match Engineer's samples. 
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2.2 


2.3 


Colors of Exposed Joint Sealants: As indicated by referencing manufacturer's designations. 
Colors of Exposed Joint Sealants: As selected by Engineer from manufacturer's full range 
for this characteristic. 

ELASTOMERIC JOINT SEALANTS 

ASTM D5893/D5893M, Type NS. 


1. Products: Subject to compliance with requirements, provide available products that 
may be incorporated into the Works, to the approval of the Engineer. 


Single-Component, Self-Leveling, Silicon- Joint Sealant for Concrete: ASTM 
D5893/D5893M, Type SL. 


1. Products: Subject to compliance with requirements, provide available products that 
may be incorporated into the Works, to the approval of Engineer. 


Multi-component, Pourable, Traffic-Grade, Urethane Joint Sealant for Concrete: ASTM 
C920, Type M, Grade P, Class 25, for Use T. 


1. Products: Subject to compliance with requirements, provide available products that 
may be incorporated into the Works, to the approval of Engineer. 
COLD-APPLIED, JET-FUEL-RESISTANT JOINT SEALANTS 


Sealants, Cold-Applied, Elastomeric, Jet-Fuel-Resistant type, for Portland Cement Concrete 
Pavements. 


1. Products: Subject to compliance with requirements, provide available products that 
may be incorporated into the Works, to the approval of Engineer. 


Jet-Fuel-Resistant, Multicomponent, Pourable, Traffic-Grade, Modified-Urethane Joint 
Sealant for Concrete: ASTM C920, Type M, Grade P, Class 12-1/2, for Use T. 


1. Products: Subject to compliance with requirements, provide available products that 
may be incorporated into the Works, to the approval of the Engineer. 


Jet-Fuel-Resistant, Multicomponent, Pourable, Traffic-Grade, Modified-Urethane Joint 
Sealant for Concrete: ASTM C920, Type M, Grade P, Class 25, for Use T. 


1. Products: Subject to compliance with requirements, provide available products that 
may be incorporated into the Works, to the approval of the Engineer. 


ASTM D2628 - Preformed Polychloroprene Elastomeric Joint Seals for Concrete 
Pavements. 


1. For preformed joint sealer the manufacturer shall certify that the performed seal will 
exert a minimum pressure of 21 kPa when compressed to 80 percent of nominal 
width and a maximum of 172 kPa when compressed to 50 percent of nominal width. 
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2. Lubricant: Lubricant for installation of preformed joint seal shall be a one-component 
polychloroprene compound containing only soluble phenolic resins blended together 
with anti-oxidants and acid acceptors in aromatic hydrocarbon solvent mixture and 
shall meet the following requirements: 


2.4 


2.5 


2.6 


Requirements Standard 
Average weight per gallon 3.54 [kg] 
; ASTM D1644 
Solids content 22-28 [percent by weight] (Method A) 
Film strength 15.86 min. [Mpa] ASTM D412 
Elongation 750 min. [percent] ASTM D412 
3. Each shipment of lubricant shall be delivered to the jobsite in the manufacturer's 


original sealed container. Each container shall be marked with the manufacturer's 
name, batch or lot number, and the date of manufacture and shall be accompanied by 
the manufacturer's certification stating that the lubricant meets the requirements of the 
specification. 

4. This lubricant shall be stored at a temperature between 10° C and 30° C and shall be 
used within 270 days of its manufacture. 


Federal Specification SS-S-200—Joint Sealants, Cold-Applied, Two-Component, Jet Blast 
Resistant for Portland Cement Concrete Pavements Type M (Machine Application — Fast 
Curing) 


HOT-APPLIED JOINT SEALANTS: 


Hot-Applied, Single-Component Joint Sealant for Concrete and Asphalt: ASTM D6690, 
Types I, II, and III. 


1. Products: Subject to compliance with requirements, provide available products that 
may be incorporated into the Works, to the approval of the Engineer. 


HOT-APPLIED, JET-FUEL-RESISTANT JOINT SEALANTS 


Jet-Fuel-Resistant, Single-Component Joint Sealant for Concrete and/or for Tar Concrete. 
ASTM D7116 type I, II, or HI 


1. Products: Subject to compliance with requirements, provide available products that 
may be incorporated into the Works, to the approval of the Engineer. 


JOINT-SEALANT BACKER MATERIALS 


General: Provide joint-sealant backer materials that are non-staining; are compatible with 
joint substrates, sealants, primers, and other joint fillers; and are approved for applications 
indicated by joint sealant manufacturer based on field experience and laboratory testing. 


Plastic Foam Joint Fillers: Preformed, compressible, resilient, non-waxing, non-extruding 
strips of flexible, non-gassing plastic foam of material indicated below; nonabsorbent to 
water and gas; and of size, shape and density to control sealant depth and otherwise 
contribute to producing optimum sealant performance. 
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2.7 


2.8 


1. Either open-cell polyurethane foam or closed-cell polyethylene foam, unless 
otherwise indicated, subject to approval of sealant manufacturer. 


Bond-Breaker Tape: Polyethylene tape or other plastic tape as recommended by sealant 
manufacturer for preventing sealant from adhering to rigid, inflexible joint filler materials or 
joint surfaces at back of joint where such adhesion would result in sealant failure. Provide 
self-adhesive tape where applicable. 


Round Backer Rod for Hot-Applied Sealants: ASTM D 5249, Type 1, of diameter and 
density required to control sealant depths and prevent bottom-side adhesion of sealant. 


Backer Strips for Hot-Applied Sealants: ASTM D5249; Type 2; of thickness and width 
required to control sealant depths, prevent bottom-side adhesion of sealant, and fill 
remainder of joint opening under sealant. 


Rod back-up material and bond-breaker material shall be as recommended by joint sealant 
manufacturer. 


PRIMERS 


Primers: Product recommended by joint sealant manufacturer where required for adhesion 
of sealant to joint substrates indicated, as determined from preconstruction joint- sealant- 
substrate tests and field tests. 


JOINT CLEANING EQUIPMENT 


Equipment used for cleaning the joints shall consist of, but not be limited to, the following 
items. 


Concrete Saw: The concrete saw shall be a self-propelled power saw with diamond or 
abrasive blades designed for sawing hardened concrete without damaging the sides, bottom, 
or top edges. Blades may be single or gang-type with one or more blades mounted in 
tandem for fast cutting. All blades shall be of the proper hardness for the concrete being 
sawed. The saw shall be adequately powered and capable of cutting to the specified width 
and depth with not more than two passes of the saw through the joints. 


Sandblasting: Sandblasting equipment shall be standard commercial type capable of 
effectively scaling off any foreign material which may prevent proper bond of the new 
sealer. The compressor used for sandblasting shall provide air at a pressure of not less than 
620 kPa and a minimum volume of 4.25 cu. m per minute at the nozzle. It shall be equipped 
with a moisture trap that effectively trap moisture and provide relatively dry air and not 
preventing free flow of sand. A dial gage indicating the air pressure shall be installed in a 
clearly visible location. A flexible hose of the proper diameter and of sufficient length shall 
be an integral part of the equipment. The nozzle shall be of a diameter in proper relation to 
the width of the joint and equipped with a guide that maintains the nozzle at a constant 
height, alignment, and angle of inclination. The guide shall be fabricated to allow 
adjustments in height and angle of inclination of the nozzle to secure the desired results. 
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2.9 


2.10 


PART 3 - 


3.1 


A. 


Air Compressor: The air compressor shall be portable arid, oil free, capable of blowing out 
sand and other objectionable materials from the joints. This equipment shall meet the same 
capacity requirements as specified for the compressor for the sandblasting equipment. The 
compressor shall be equipped with sufficient hose of adequate capacity and nozzles of 
proper size for joint to be cleaned. 


Vacuum Sweeper: The vacuum pickup sweeper shall be self-propelled and capable of 
completely removing all loose joint material, concrete slurry from the joints after sawing, 
and debris from the pavement surface. A sweeper of adequate capacity or a sufficient 
number of sweepers shall be provided to maintain the work area to the cleanliness standards 
required on airfield pavements. 


OTHER ACCESSORIES 


Cleaners for Nonporous Surfaces: Provide non-staining, chemical cleaners of type which 
are acceptable to manufacturers of sealants and sealant backing materials, which are not 
harmful to substrates and adjacent nonporous materials, and which do not leave oily 
residues or otherwise have a detrimental effect on sealant adhesion or in-service 
performance. 


Masking Tape: Provide non-staining, nonabsorbent type compatible with joint sealants and 
to surfaces adjacent to joints. 


Accessory Materials for Fire-Stopping Sealants: Provide forming, joint fillers, packing and 
other accessory materials required for installation of fire-stopping sealants as applicable to 
installation conditions indicated. 


APPLICATION EQUIPMENT FOR HOT-POURED SEALER 


Applicators used for heating and installing the sealing materials shall be of the mobile type 
and equipped with a double-wall agitator-type kettle with suitable oil-type extruding device 
with nozzle or nozzles shaped for insertion in the joints to be filled, positive temperature 
devices for controlling the temperature of oil bath and sealer, and a recording thermometer 
for recording the temperature of the sealer. The applicator unit shall be designed so that the 
sealer may be circulated in the inner kettle when not in use and capable of completely filling 
the joint with the sealer without formation of voids or entrapped air. The applicator wand 
shall be insulated all the way to the nozzle and maintained in a satisfactory working 
condition. 


EXECUTION 


EXAMINATION 
Examine joints indicated to receive joint sealants, with Installer present, for compliance with 
requirements for joint configuration, installation tolerances, and other conditions affecting 


joint-sealant performance. 


Proceed with installation only after unsatisfactory conditions have been corrected. 
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3.2 PREPARATION 
A. General: 


1. Final cleaning operations shall not proceed in advance of sealing operations by more 
than one working day, except as otherwise approved by the Engineer. Joints shall be 
thoroughly cleaned of all laitance, curing compound, dirt, and other foreign material. 
Cleaning procedures that cause excessive spalling along joints, as determined by the 
Engineer, shall not be used. Make changes in method of cleaning or equipment 
utilized as required to eliminate spalling. Concrete faces and the pavement surfaces 
extending approximately 13 mm from the joint edges shall be refaced by 
sandblasting. Sandblasting shall be continued until the joint surface and edges are 
clean and have etched surfaces. The joint shall be completely free of dust, dirt, and 
any other material that might prevent bonding of the sealer. After the sandblasting 
operation and immediately before the sealer is placed, the joints shall be thoroughly 
blown out by means of an air jet supplied by an air compressor meeting the 
requirements specified. Compressed air may be used at any time during the cleaning 
operations. However, to ensure removal of all loose material, a jet of compressed air 
is required immediately ahead of pouring operations, but in no case precede pouring 
by more than 30 minutes. Debris pick-up and disposal shall be a continuous process 
during cleaning operations, and the pavement surface be thoroughly cleaned 
immediately prior to sealing operations with a vacuum sweeper supplemented with 
hand brooms and tools, as required. Dispose of debris as directed. 

2. Curing tape, masking tape or other approved bond-breaker shall be installed in each 
joint as shown on the Drawings. Submit the bond-breaker to the Engineer for 
approval prior to placing any joint seal material. The bond-breaker shall be installed 
in the joints without being stretched or damaged. 


B. Joint Priming: Prime joint substrates where indicated or where recommended in writing by 
joint sealant manufacturer, based on preconstruction joint-sealant-substrate tests or prior 
experience. Apply primer to comply with joint sealant manufacturer's recommendations. 
Confine primers to areas of joint-sealant bond; do not allow spillage or migration onto 
adjoining surfaces. 


C. Time of Application: Joint shall be sealed as soon after completion of the curing period as 
feasible and before the pavement is opened to traffic, including construction equipment. The 
pavement temperature shall be above 4 deg C at the time of installation of the preformed 
joint seal and above 10 deg C at the time of installation of the joint seal of material. 


D. Sawing Joints: Saw joints with a concrete saw to the depth and width shown within a 
tolerance of plus or minus 1.5 mm. After sawing, joints shall present a straight rectangular 
opening with vertical sides. 


E. Widening Cracks by Sawing: Random cracks shall be prepared for sealing as determined by 
the Engineer. The top of all random cracks shall be grooved to a depth of 20 mm and a 
width of not less than 10 mm and not more than 15 mm by means of a rotary-cutting type 
grooving machine. The grooving tool shall be capable of following closely the path of the 
crack and of widening the top of the crack to the required section without spalling or 
otherwise damaging the concrete. The side walls of cracks after cutting shall be vertical. 


F. Sandblast Cleaning: Concrete joint faces and the pavement surfaces extending 13 mm from 
the joint edges shall be sandblast cleaned. Use a multiple-pace technique until the surfaces 
are free of saw cutting fines that might prevent bonding of the sealant to the concrete. After 
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3.3 


final cleaning and immediately prior to sealing, the joints shall be blown out with 
compressed air and left completely free of sand and water. 


INSTALLATION OF JOINT SEALANTS 


General: 

1. Comply with joint sealant manufacturer's written installation instructions applicable 
to products and applications indicated, unless more stringent requirements apply. 

2: No Joint sealer shall be installed until the joints to be sealed have been inspected and 


approved. A bond-breaker shall be installed in the bottom of all joints just prior to 
pouring. Pouring of the joints shall be done in a neat, workmanlike manner. The 
joint sealing compound shall be applied into the joints by extending the material to 
fill the joints uniformly solid from bottom to top. 


Sealant Installation Standard: Comply with recommendations of ASTM C1193 for use of 
joint sealants as applicable to materials, applications, and conditions indicated. 


Install backer materials of type indicated to support sealants during application and at 
position required to produce cross-sectional shapes and depths of installed sealants relative 
to joint widths that allow optimum sealant movement capability. 


1. Do not leave gaps between ends of backer materials. 
Do not stretch, twist, puncture, or tear backer materials. 
3. Remove absorbent backer materials that have become wet before sealant application 


and replace them with dry materials. 


Install sealants by proven techniques to comply with the following and at the same time 
backings are installed: 


1. Place sealants so they directly contact and fully wet joint substrates. 
Completely fill recesses provided for each joint configuration. 
3. Produce uniform, cross-sectional shapes and depths relative to joint widths that allow 


optimum sealant movement capability. 


Tooling of Nonsag Sealants: Immediately after sealant application and before skinning or 
curing begins, tool sealants according to requirements specified below to form smooth, 
uniform beads of configuration indicated; to eliminate air pockets; and to ensure contact and 
adhesion of sealant with sides of joint. 


1. Remove excess sealants from surfaces adjacent to joint. 
2 Use tooling agents that are approved in writing by joint sealant manufacturer and that 
do not discolor sealants or adjacent surfaces. 


Provide joint configuration to comply with joint sealant manufacturer's written instructions, 
unless otherwise indicated. 


Provide recessed joint configuration for silicone sealants of recess depth and at locations 
indicated. 


The joints shall be filled to 6 mm of the top of the pavement as shown, without formation of 
voids or entrapped air using the type of equipment specified. 
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I. Excess sealer or sealer that has been inadvertently spilled shall be removed from the 
pavement by approved methods and discarded. 


J. Traffic shall not be allowed for 24 hours over pavement, except as approved. Use of gravity 
methods of application and pouring pots will not be allowed except as approved. 


K. Hot Poured Sealants: 


1. The joint sealant shall be applied solid, uniformly from bottom to top and shall be 
filled without formation of entrapped air or voids. 

Di A backing material shall be placed as shown on the plans and shall be non-adhesive 
to the concrete or the sealant material. 

3. The heating kettle shall be an indirect heating type, constructed as a double boiler. A 
positive temperature control and mechanical agitation shall be provided. The sealant 
shall not be heated to more than 11 deg. C below the safe heating temperature. The 
safe heating temperature can be obtained from the manufacturer's shipping container. 


4. A direct connecting pressure type extruding device with nozzles shaped for insertion 
into the joint shall be provided. 
5. Any sealant spilled on the surface of the pavement shall be removed immediately. 


6. Backup materials and bond breakers should be compatible with the sealant, should 
not adhere to the sealant, should be compressible without extruding the sealant, and 
should recover to maintain contact with the joint faces when the joint is open. 


L. Cold Applied Sealants: Cold applied joint sealing compound shall be applied by means of 
pressure equipment that will force the sealing material to the bottom of the joint without 
spilling the material on the surface of the pavement. A backing material shall be placed as 
shown on the plans and shall be non-adhesive to the concrete or the sealant material. Sealant 
which does not bond to the concrete surface of the joint walls, contains voids, or fails to set 
to a tack-free condition will be rejected and replaced by the Contractor at no additional cost. 
Before sealing the joints, the Contractor shall demonstrate that the equipment and 
procedures for preparing, mixing, and placing the sealant will produce a satisfactory joint 
seal. This shall include the preparation of two small batches and the application of the 
resulting material. 


M. Preparation of Joint Sealing Material (Hot-Poured Sealer): Sealer shall not be heated in 
excess of the safe heating temperature recommended by the manufacturer as shown on 
sealer container. Any sealer that has been overheated or has remained in the applicator at 
the end of the day's operation shall be withdrawn and disposed of. 


N. | Weather Limitations: The concrete at the joint shall be surface dry, and the atmospheric and 
pavement temperature above 10 deg C at time of application of the sealing material. No 
sealant shall be applied in foggy or rainy weather. 


O. Approval of Sealed Joints: Any joints that do not meet the requirements as determined by 
the Engineer shall be corrected by removing the sealer and resealing the joints in a 
satisfactory manner. 


P. Preformed Elastomeric Joint Seals: 

1. Preformed joint sealer shall be placed using equipment capable of installing the sealer 
in the upright position, without cutting, nicking, distorting, or otherwise damaging the 
seal. 
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3.4 


3.5 


3.6 


2. Lubricant shall be applied to the concrete or the preformed seal, or both, and the seal 
shall be installed in a substantially compressed condition and at the depth below the 
surface of the pavement as shown in the plans. 

3. The method of installation shall be such that the joint sealer will not be stretched 
more than 5 percent of the minimum theoretical length or compressed more than 2 
percent. 

4. The method of installation shall be checked for stretching or compression, using 
transverse joint sealer. The check shall consist of installing sealer in five joints of at 
least 7.5 m in length, removing the sealer immediately after installation, and checking 
the length. This check may be modified by pre-marking or precutting the sealer to 
length prior to installation if this is compatible with the equipment being used. 


5. If the measured length of any of these five sealers indicated that the sealer is stretched 
or compressed beyond these limits, the installation shall be modified to correct the 
situation. 

6. Once satisfactory sealing operations have started, one joint length per every hundred 
shall be removed and checked. 

7. If the limits are exceeded, the joint sealers on either side should be removed until the 


condition disappears. The affected joints shall be resealed in a satisfactory manner at 
own cost, and the method of installation shall be checked again for satisfactory 
procedure. 

8. The seal shall be installed in the longest practicable lengths in longitudinal joints and 
shall be cut at the joint intersections for continuous installation of the seal in the 
transverse joints. 


TRIAL JOINT INSTALLATION 


Preliminary to sealing of joints for the entire project, a length of at least 50 m of joint in an 
approved location shall be cleaned and prepared, and the joint filled with sealant material in 
the manner proposed for completion of the entire Project. This section shall be inspected 
prior to continuing work to determine that the installation satisfactorily meets all 
requirements. If the trial installation is not satisfactory, the material shall be removed and 
an additional 50 m length of joint shall be cleaned, prepared, filled and inspected. 
Following approval of a trial installation, all other joint grooves shall be cleaned, prepared 
and filled in a similar manner, subject to the approval of the Engineer. 


CLEANING 


Clean off excess sealants or sealant smears adjacent to joints as the Work progresses by 
methods and with cleaning materials approved by manufacturers of joint sealants and of 
products in which joints occur. 


PROTECTION 


Protect joint sealants during and after curing period from contact with contaminating 
substances and from damage resulting from construction operations or other causes so 
sealants are without deterioration or damage at time of Taking Over. If, despite such 
protection, damage or deterioration occurs, cut out and remove damaged or deteriorated 
joint sealants immediately so installations with repaired areas are indistinguishable from the 
original work. 
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3.7 PAVEMENT-JOINT-SEALANT SCHEDULE 


A. Joint-Sealant Application: Joints within cement concrete pavement. 


1. Joint Location: 

a. Expansion and isolation joints in cast-in-place concrete pavement. 
b. Contraction joints in cast-in-place concrete slabs. 
c. Other joints as indicated. 

2. Silicone Joint Sealant for Concrete: Single component, non-sag or Single component, 
self-leveling, as approved by the Engineer. 

3. Urethane Joint Sealant for Concrete: Multi-component, pourable, traffic-grade, as 
approved by the Engineer. 

4. Hot-Applied Joint Sealant for Concrete: Single component, as approved by the 
Engineer. 

5. Joint-Sealant Color: As indicated by manufacturer's designations and Match 
Engineer's sample, as approved by the Engineer . 

B.  Joint-Sealant Application: Fuel-resistant joints within cement concrete pavement. 

1. Joint Location: 

a. Expansion and isolation joints in cast-in-place concrete pavement. 
b. Contraction joints in cast-in-place concrete slabs. 
c. Other joints as indicated. 

2; Jet-Fuel-Resistant, Modified-Urethane Joint Sealant for Concrete: Single-component, 
pourable, traffic-grade or Multi-component, pourable, traffic-grade, Class 12-1/2 or 
Multi-component, pourable, traffic-grade, Class 25, as approved by the Engineer. 

3: Hot-Applied, Jet-Fuel-Resistant, Joint Sealant for Concrete: Single component, as 
approved by the Engineer. 

C.  Joint-Sealant Application: Joints between cement concrete and asphalt pavement. 

1. Joint Location: 

a. Joints between concrete and asphalt pavement. 
b. Joints between concrete curbs and asphalt pavement. 
c. Other joints as indicated. 

2: Hot-Applied Joint Sealant for Concrete and Asphalt: Single component, as approved 
by the Engineer. 

3. Joint-Sealant Color: As indicated by manufacturer's designations and Match 


Engineer's sample, as approved by the Engineer. 


D. — Joint-Sealant Application: Fuel-resistant joints between cement concrete and tar-concrete 


pavement. 
1. Joint Location: 
a. Joints between concrete and tar-concrete pavement. 
b. Joints between concrete curbs and tar-concrete pavement. 
c. Other joints as indicated. 
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2. Hot-Applied, Jet-Fuel-Resistance Joint Sealant for Concrete and Tar Concrete: Single 
component, as approved by the Engineer. 

3. Joint-Sealant Color: As indicated by manufacturer's designations and Match 
Engineer's sample, as approved by the Engineer. 


END OF SECTION 321373 
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SECTION 321400 - UNIT PAVING 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 
A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 
1.2 SUMMARY 
A. Section Includes: 
1. Precast concrete curbs. 
B. Related Sections: 

1. Section 321443 "Porous Unit Paving" for unit paving using grid pavers or pavers with 
openings between them. 

2. Section 312100 "Aggregate Subbase Course". 

3. Section 312150 "Aggregate Base Course". 

1.3 PRECONSTRUCTION TESTING 
A. Preconstruction Adhesion and Compatibility Testing: Submit to latex-additive 
manufacturer, for testing as indicated below, samples of paving materials that will contact or 
affect mortar and grout that contain latex additives. 

1. Use manufacturer's standard test methods to determine whether mortar and grout 
materials will obtain optimum adhesion with, and will be nonstaining to, installed 
pavers and other materials constituting paver installation. 

1.4 ACTION SUBMITTALS 
A. Product Data: For materials other than water and aggregates. 
B. Product Data: For the following: 

1. Bituminous setting materials. 

2: Mortar and grout materials. 

3. Precast concrete curbs. 

C. Adhesion and Compatibility Test Reports: From latex-additive manufacturer for mortar and 
grout containing latex additives. 
D. Sieve Analyses: For aggregate setting-bed materials, according to ASTM C 136 or relevant 
part of BS 7533 standard. 
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E. Samples for Initial Selection: Manufacturer's color charts consisting of units or sections of 
units showing the full range of colors, textures, and patterns available for each type of unit 
paver indicated. 


1. Include similar samples of material for joints and accessories involving color 
selection. 
F. Samples for Verification: Full-size units of each type of unit paver indicated; in sets for 


each color, texture, and pattern specified, showing the full range of variations expected in 
these characteristics. 


1. Provide samples with joints, showing the full range of colors to be expected in the 
completed Work. 
G. Qualification Data: For firms and persons specified in the "Quality Assurance" Article to 


demonstrate their capabilities and experience. Include lists of completed projects with 
project names and addresses, names and addresses of engineers/engineers and employers, 
and other information specified. 


1.5 QUALITY ASSURANCE 


A. Installer Qualifications: An experienced installer who has completed unit paver installations 
similar in material, design, and extent to that indicated for this Project and whose work has 
resulted in construction with a record of successful in-service performance. 


B. Source Limitations: Obtain each type of unit paver, joint material, and setting material from 
a single source with resources to provide materials and products of consistent quality in 
appearance and physical properties. 


C. Mockups: Build mockups to verify selections made under sample submittals and 
demonstrate aesthetic effects and set quality standards for materials and execution. Build 
mockups to comply with the following requirements, using materials indicated for the 
completed Work, including same base construction, special features for expansion joints, 
and contiguous work as indicated: 


1. Build mockups in the location and of the size indicated or, if not indicated, as directed 
by the Engineer. 

2 Notify the Engineer 7 days in advance of dates and times when mockups will be 
constructed. 

3 Demonstrate the proposed range of aesthetic effects and workmanship. 

4. Obtain the Engineer's approval of mockups before starting unit paver installation. 

5 Maintain mockups during construction in an undisturbed condition as a standard for 
judging the completed Work. 

6. Demolish and remove mockups when directed. 

7. Approved mockups may become part of the completed Work if undisturbed at the 
time of Substantial Completion. 


D. Preinstallation Conference: Conduct conference at Project site 
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1.6 


A. 


D. 


1.7 


A. 


B. 


DELIVERY, STORAGE, AND HANDLING 


Store pavers on elevated platforms in a dry location. If units are not stored in an enclosed 
location, cover tops and sides of stacks with waterproof sheeting, securely tied. 


Store cementitious materials on elevated platforms, undercover, and in a dry location. Do 
not use cementitious materials that have become damp. 


Store aggregates where grading and other required characteristics can be maintained and 
contamination avoided. 


Store liquids in tightly closed containers protected from freezing. 


Store asphalt cement and other bituminous materials in tightly closed containers. 


PROJECT CONDITIONS 
Weather Limitations for Bituminous Setting Bed: 


1. Install bituminous setting bed only when the ambient temperature is above 40 deg F 
(4 deg C) and when the base is dry. 

2. Apply asphalt adhesive only when the ambient temperature is above 50 deg F (10 
deg C) and when the temperature has not been below 35 deg F (2 deg C) for 12 hours 
immediately before application. Do not apply when the setting bed is wet or contains 
excess moisture. 


Weather Limitations for Mortar and Grout: 


1. Hot-Weather Requirements: Comply with hot-weather construction requirements 
contained in ACI 530.1/ASCE 6/TMS 602. Provide artificial shade and windbreaks 
and use cooled materials as required. Do not apply mortar to substrates with 
temperatures of 100 deg F (38 deg C) and higher. 


a. When the ambient temperature exceeds 100 deg F (38 deg C), or when wind 
velocity exceeds 8 mph (13 km/h) and ambient temperature exceeds 90 deg F 
(32 deg C), set pavers within 1 minute of spreading setting-bed mortar. 


PART 2 - PRODUCTS 


2.1 CURBS AND EDGE RESTRAINTS 
A. — Job-Built Concrete Edge Restraints: Comply with requirements in Section 033000 "Cast-in- 
Place Concrete" for normal-weight, air-entrained, ready-mixed concrete with minimum 28- 
day compressive strength of 3000 psi (20 MPa). 
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B. 


Precast Concrete Curbs: Made from normal-weight concrete with compressive strength not 
less than 5000 psi (34 MPa)and water absorption not more than 5 percent, in shapes and 
sizes indicated. 


1. Manufacturers: Subject to compliance with requirements, manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, 
the following: 


a. Hanover Architectural Products, Inc. 


A Color and textures selected by Engineer from manufacturer's full range 


PART 3 - EXECUTION 


3.1 EXAMINATION 

A. Examine areas indicated to receive paving, with Installer present, for compliance with 
requirements for installation tolerances and other conditions affecting performance. 

B. Where pavers are to be installed over waterproofing, examine waterproofing installation, 
with waterproofing Installer present, for protection from paving operations, including areas 
where waterproofing system is turned up or flashed against vertical surfaces. 

C. Proceed with installation only after unsatisfactory conditions have been corrected and 
waterproofing protection is in place. 

3.2 PREPARATION 

A. Remove substances from concrete substrates that could impair mortar bond, including 
curing and sealing compounds, form oil, and laitance. 

B. Sweep concrete substrates to remove dirt, dust, debris, and loose particles. 

C. Proof-roll prepared subgrade according to requirements in Section 312000 "Earth Moving" 
to identify soft pockets and areas of excess yielding. Proceed with unit paver installation 
only after deficient subgrades have been corrected and are ready to receive [subbase and 
base] [base] course for unit pavers. 

3.3 INSTALLATION, GENERAL 

A. Do not use unit pavers with chips, cracks, voids, discolorations, or other defects that might 
be visible or cause staining in finished work. 

B. Mix pavers from several pallets or cubes, as they are placed, to produce a uniform blend of 
colors and textures. 

C. Cut unit pavers with motor-driven masonry saw equipment to provide clean, sharp, 
unchipped edges. Cut units to provide pattern indicated and to fit adjoining work neatly. 
Use full units without cutting where possible. Hammer cutting is not acceptable. 
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3.4 


1. For concrete pavers, a block splitter may be used. 


Handle protective-coated brick pavers to prevent coated surfaces from contacting backs or 
edges of other units. If, despite these precautions, the coating does contact bonding surfaces 
of brick, remove the coating from bonding surfaces before setting brick. 


Joint Pattern: Match and continue existing unit paver joint pattern 


Tolerances: Do not exceed 1/32-inch (0.8-mm) unit-to-unit offset from flush (lippage) nor 
1/8 inch in 10 feet (3 mm in 3 m) from level, or indicated slope, for a finished surface of 
paving. 


Expansion and Control Joints: Provide cork joint filler at locations and widths indicated. 
Install joint filler before setting pavers. Make the top of the joint filler flush with the top of 
the pavers. 


AGGREGATE SETTING-BED APPLICATIONS 
Compact soil subgrade uniformly to at least 95 percent of ASTM D 698 laboratory density. 


Proof-roll prepared subgrade to identify soft pockets and areas of excess yielding. Excavate 
soft spots, unsatisfactory soils, and areas of excessive pumping or rutting, as determined by 
Engineer, and replace with compacted backfill or fill as directed. 


Place separation geotextile over prepared subgrade, overlapping ends and edges at least 12 
inches (300 mm). 


Place aggregate subbase and base, compact to 100 percent of ASTM D 1557 maximum 
laboratory density, and screed to the depth indicated. 


Place drainage geotextile over the compacted base course, overlapping ends and edges at 
least 12 inches (300 mm). 


Place leveling course and screed to a thickness of 1 to 1-1/2 inches (25 to 38 mm), taking 
care that moisture content remains constant and density is loose and uniform until pavers are 
set and compacted. 


Treat leveling course with herbicide to inhibit the growth of grass and weeds. 


Vibrate pavers into leveling course with a low-amplitude plate vibrator capable of a 3500- to 
5000-lbs (16- to 22-kN) compaction force at 80 to 90 Hz. Use vibrator with neoprene mat 
on the face of plate or other means as needed to prevent cracking and chipping of pavers. 
Perform at least three passes across paving with the vibrator. 


1. Compact pavers when there is sufficient surface to accommodate the operation of a 
vibrator, leaving at least 36 inches (900 mm) of uncompacted pavers adjacent to 
temporary edges. 

2 Before ending each day's work, compact installed concrete pavers except for 36-inch 
(900 mm) width of uncompacted pavers adjacent to temporary edges (laying faces). 

3. As work progresses to the perimeter of the installation, compact installed pavers that 
are adjacent to permanent edges unless they are within 36 inches (90 mm) of laying 
face. 
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3.6 


4. Before ending each day's work and when rain interrupts work, cover pavers that have 
not been compacted and cover leveling course on which pavers have not been placed 
with nonstaining plastic sheets to protect them from rain. 


Spread dry sand and fill joints immediately after vibrating pavers into leveling course. 
Vibrate pavers and add sand until joints are filled, then remove excess sand. Leave a slight 
surplus of sand on the surface for joint filling. 


Do not allow traffic on installed pavers until the sand has been vibrated into joints. 


Repeat the joint-filling process 30 days later. 


BITUMINOUS SETTING-BED APPLICATIONS 
Apply primer to concrete slab or binder course immediately before placing setting bed. 


Prepare for setting-bed placement by locating 3/4-inch- (19-mm-) deep control bars 
approximately 11 feet (3.3 m) apart and parallel to one another, to serve as guides for the 
striking board. Adjust bars to subgrades required for accurate setting of paving units to 
finished grades indicated. 


Place bituminous setting bed where indicated, in panels, by spreading bituminous material 
between control bars. Spread mix at a minimum temperature of 250 deg F (121 deg C). 
Strike setting bed smooth, firm, even, and not less than 3/4 inch (19 mm) thick. Add fresh 
bituminous material to low, porous spots after each pass of the striking board. After each 
panel is completed, advance the first control bar to the next position in readiness for striking 
adjacent panels. Carefully fill depressions that remain after removing depth-control bars. 


1. Roll setting bed with power roller to a nominal depth of 3/4 inch (19 mm). Adjust 
thickness as necessary to allow accurate setting of unit pavers to finished grades 
indicated. Complete rolling before mix temperature cools to 185 deg F (85 deg C). 


Apply neoprene-modified asphalt adhesive to cold setting bed by squeegeeing or troweling 
to a uniform thickness of 1/16 inch (1.6 mm). Proceed with a setting of paving units only 
after the adhesive is tacky and the surface is dry to touch. 


Place pavers carefully by hand in straight courses, maintaining accurate alignment and 
uniform top surface. Protect newly laid pavers with plywood panels on which workers can 
stand. Advance protective panels as work progresses, but maintain protection in areas 
subject to the continuous movement of materials and equipment to avoid creating 
depressions or disrupting the alignment of pavers. If additional leveling of paving is 
required, and before treating joints, roll paving with a power roller after sufficient heat has 
built up in the surface from several days of hot weather. 


Joint Treatment: Place unit pavers with hand-tight joints. Fill joints by sweeping sand over 
the paved surface until joints are filled. Remove excess sand after joints are filled. 
MORTAR SETTING-BED APPLICATIONS 


Saturate concrete subbase with clean water for several hours before placing setting bed. 
Remove surface water about one hour before placing setting bed. 
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B. Apply mortar-bed bond coat over surface of concrete subbase about 15 minutes before 
placing mortar bed. Limit area of bond coat to avoid its drying out before placing setting 
bed. Do not exceed 1/16-inch (1.6-mm) thickness for bond coat. 


C: Apply mortar bed over bond coat; spread and screed mortar bed to uniform thickness at 
subgrade elevations required for accurate setting of pavers to finished grades indicated. 


D. Place reinforcing wire over concrete subbase, lapped at joints by at least one full mesh and 
supported so mesh becomes embedded in the middle of mortar bed. Hold edges back from 
vertical surfaces approximately 1/2 inch (13 mm). 


E. Place mortar bed with reinforcing wire fully embedded in middle of mortar bed. Spread and 
screed mortar bed to uniform thickness at subgrade elevations required for accurate setting 
of pavers to finished grades indicated. 


F. Mix and place only that amount of mortar bed that can be covered with pavers before initial 
set. Before placing pavers, cut back, bevel edge, and remove and discard setting-bed 
material that has reached initial set. 


G. Wet brick pavers before laying if the initial rate of absorption exceeds 30 g/30 sq. in. 
(30 g/194 sq. cm) per minute when tested according to ASTM C 67. Allow units to absorb 
water so they are damp but not wet at time of laying. 


H. Place pavers before initial set of cement occurs. Immediately before placing pavers on 
mortar bed, apply uniform 1/16-inch- (1.5-mm-) thick bond coat to mortar bed or to back of 
each paver with a flat trowel. 


I. Tamp or beat pavers with a wooden block or rubber mallet to obtain full contact with setting 
bed and to bring finished surfaces within indicated tolerances. Set each paver in a single 
operation before initial set of mortar; do not return to areas already set or disturb pavers for 
purposes of realigning finished surfaces or adjusting joints. 


J. Spaced Joint Widths: Provide 3/8-inch (10-mmnominal joint width with variations not 
exceeding plus or minus[1/16 inch (1.5 mmRetain three paragraphs below for grouted 
joints. 


K.  Grouted Joints: Grout paver joints complying with ANSI A108.10. 
L. Grout joints as soon as possible after an initial set of setting beds. 
1. Force grout into joints, taking care not to smear grout on adjoining surfaces. 


Clean pavers as grouting progress by dry brushing or rubbing with dry burlap to 
remove smears before tooling joints. 


3. Tool exposed joints slightly concave when thumbprint hard, using a jointer larger 
than joint thickness unless otherwise indicated. 

4. If tooling squeezes grout from joints, remove excess grout and smears by dry 
brushing or rubbing with dry burlap and tool joints again to produce a uniform 
appearance. 


M. Cure grout by maintaining in a damp condition for seven days unless otherwise 
recommended by grout or liquid-latex manufacturer. 
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331 REPAIRING, POINTING, AND CLEANING 


A. Remove and replace loose unit pavers, chipped, broken, stained, or otherwise damaged or 
that do not match adjoining units. Provide new units to match adjoining units and install in 
the same manner as original units, with the same joint treatment and with no evidence of 
replacement. 


B. Pointing: During tooling of joints, enlarge voids or holes and fill with grout. Point joints at 
sealant joints to provide a neat, uniform appearance, properly prepared for sealant 
application. 


Ç: Cleaning: Remove excess grout from exposed paver surfaces; wash and scrub clean. 
1. Remove temporary protective coating as recommended by coating manufacturer and 
as acceptable to paver and grout manufacturers. 


2: Do not allow the protective coating to enter floor drains. Trap, collect and remove 
coating material. 


END OF SECTION 321400 
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SECTION 321723 - ROAD PAVEMENT MARKINGS 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including Conditions of Contract and 
other Specification Sections that apply to this Section. 


1.2 SUMMARY 
A. This Section includes the following: 


1. Painted pavement marking for roads. 


1.3 SUBMITTALS 


A. Product Data: Include construction details, material descriptions, dimensions of individual 
components and finishes. 


1. Painted pavement marking. 
B. Sampling and Testing 
1. All material shall be shipped to the job site in undamaged, sealed, original packaging, 
clearly identifying each material as to name, color, manufacturer, batch number, and 


date of manufacture. All material shall be accompanied by certified test results 
verifying compliance with all specified physical and chemical requirements. 


2. Reflective raised pavement markers and pavement studs shall be tested for reflectance 
at the minimum rate of 1 reflector tested per 500 shipped. 
3. All paint products and other materials designated by the Engineer shall be sampled 


for testing. Sampling shall be performed in the presence of the Engineer. Materials 
shall be sampled in their original containers, except that bulk shipments may be 
sampled and resealed as approved by the Engineer. All samples shall be packaged 
for shipment as approved by the Engineer. Samples shall be transported to the 
mobile field laboratory or to an approved independent laboratory, as directed by the 
Engineer. Paint materials and raised pavement markers and studs shall not be used 
until approved by the Employer. 


1.4 QUALITY ASSURANCE 


A. Set out all control points necessary for locating paint lines and markings. On irregular 
widths of highway, the locations of border (edge) lines shall be adjusted so as to fall 
continuously on the pavement. The locations of all painted markings and each location for 
raised pavement markers and studs shall be accurately established and shall be subject to 
approval before application and installation commences. Markers and studs shall not be 
located over longitudinal or transverse pavement joints. 
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The area of highway surface on which marking is to take place shall be free of dirt, existing 
paint lines if directed, curing compound, grease, oil, moisture, loose or unsound layers, and 
any other material which could adversely affect the bond. The areas shall be thoroughly 
cleaned to the satisfaction of the Engineer before proceeding with painting or installation of 
markers and studs. 


Pavement marking shall not proceed when there is moisture on the pavement surface or the 
air is misty; or the surface temperature of the pavement is below 10 degrees C; or when 
wind or other conditions may cause a film of dust to be deposited on the surface; or in other 
conditions that, in the opinion of the Engineer, could displace, damage, or adversely affect 
the bonding of the material to the pavement surface. Any markings damaged due to water 
or rain within 20 minutes after application, shall be removed and replaced at no additional 
expense to the Employer. 


PART 2- PRODUCTS 


A. TRP shall consist of a mixture of binder, white or yellow pigment, glass spheres, filler, and 
other materials in granular form specially compounded for traffic paint. 

B. White and yellow TRP shall conform to AASHTO M 249. Surface application glass 
spheres (beads) shall conform to AASHTO M 247, Type I, except for the gradation which 
shall be as follows: 

Standard Sieve Size Passing by Weight 

1.700 mm (No. 12) 100 

0.600 mm (No. 30) 85-100 

0.425 mm (No. 40) 45-100 

0.300 mm (No. 50) 10- 45 

0.180 mm (No. 80) 0- 20 

0.075 mm (No. 200) 0- 5 

C. Pre-mixed glass spheres shall occupy 20-25% by weight of the TRP mixture and shall 
conform with the following requirements: 

1- Crushing Resistance: An 18 kg dead weight for No. 20 to No. 30 mesh spheres shall be 
the average resistance when tested in accordance with ASTM D 1213. 

2- Roundness: A minimum of 75% shall be true spheres when tested in accordance with 
ASTM D 1155. Not less than 70% of the spheres of each sieve size shall be free from 
imperfections of all types, including film, scratches, pits, clusters, and opaqueness. 

3- Index of Refraction: When tested by the liquid immersion method at 25 degrees C the 
spheres that will be mixed into the material shall have a minimum index of refraction of 
1.65 and the spheres that will be applied to the TRP line shall have a minimum index of 
refraction of 1.5. 

4- Gradation: When tested in accordance with ASTM D 1214, the spheres used in the TRP 
shall have the following gradation: 

Standard Sieve Size % Passing by Weight 
1.700 mm (No. 12) 100 
0.180 mm (No. 80) 0-5 
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5- Chemical Resistance: The glass spheres shall withstand immersion in water and acids 
without noticeable corrosion or etching, and shall not be darkened or otherwise 
decomposed by sulfides. A 3 to 5 gm sample shall be placed in each of 3 glass beakers 
or porcelain dishes, one covered with distilled water, the second with a 3 N solution of 
sulfuric acid and the third with a solution of 50% sodium sulfide, 48% distilled water and 
2% aerosol 1B or similar wetting agent. No darkening, hazing, or other evidence of 
instability shall be noticeable in the glass spheres when examined microscopically, after 
one hour immersion. 

6- Silica Content: The silica content (Si02) of the spheres shall be 60% plus or minus 5% 
when tested in accordance with Federal Test Method 141a. 


PART 3- EXECUTION 


3.1 


A. 


INSTALLATION 


Immediately following the application of paint lines and other markings on pavements open 
to traffic, traffic cones or other approved devices shall be placed alongside or over the paint 
at intervals not exceeding 10 m and shall remain in place until the paint has dried. 


Traffic shall be prevented from crossing wet paint lines and the Contractor shall use 
sufficient numbers of flagmen, barricades, or other protection, particularly at crossings, to 
prevent traffic from crossing wet paint. Sections of paint, which have been damaged by 
traffic before the paint has cured, shall be repaired and the pavement outside the painted 
area cleaned at no additional expense to the Employer. 


Raised pavement markers and studs shall be protected from all traffic at least 3 hours after 
placement, when the average ambient temperature is 13 degrees C or above; at least 24 
hours when the said temperature is between 4 and 13 degrees C; and at least 48 hours when 
the said temperature is 4 degrees C or below. The Engineer will determine when the 
adhesive has set sufficiently to bear traffic. Regardless of the type of adhesive used, 
markers and studs shall not be placed when the pavement of air temperature is 0 degree C or 
below; when the relative humidity of the air is greater than 80%; when the pavement is not 
surface dry; or before a new bituminous concrete pavement has been opened to traffic for at 
least 14 days (unless otherwise directed). 


Temporary barricades and signs of the design shown on the Drawings or as specified, or 
required by the Engineer, shall be erected at the beginning and end of the highway section 
on which the Contractor proposes to apply paint markings or install markers or studs. On 
completion the temporary barricades and cones shall be moved ahead to the next section. 
Barricades and cones shall not be left in place overnight. The equipment shall be so 
operated that it will be unnecessary for public traffic to cross the newly placed material 
behind the equipment in order to safely pass the equipment. 


A tolerance of 12 mm over, or 3 mm under the specified line width will be allowed provided 
the variation is gradual and does not detract from the general finished appearance of the 
line. Segments of broken line may vary up to 300 mm from the specified length. Segments 
shall be square at each end without mist or distortion. Deviations from the control line of up 
to 25 mm on tangents and 50 mm on curves will be accepted, provided the deviation does 
not increase or decrease at a rate of more than 15 mm in 10 m. Lines that do not meet these 
tolerances shall be removed and replaced at the Contractor’s expense. 
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F. When it is necessary to remove paint, this shall be carried out by means satisfactory to the 
Engineer, and shall not damage the underlying pavement surface. When necessary to correct 
a deviation, which exceeds the permissible tolerance in alignment, the affected length of line 
shall be removed plus an additional 5 m in each direction, and a new line then painted. 


END OF SECTION 321723 
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SECTION 321750 - ROAD TRAFFIC SIGN 


PART 1 - GENERAL 


1.1. 


A. 


1.2. 


1.3. 


1.4. 


RELATED DOCUMENTS 

Drawings and general provisions of the Contract, including Conditions of Contract and 
other Specification Sections that apply to this Section. 

SUMMARY 

This Section includes the following: 


1. Traffic signs. 


SUBMITTALS 


Product Data: Include construction details, material descriptions, dimensions of individual 
components and finishes. 


1. Traffic signs. 


QUALITY ASSURANCE 
These Works shall consist of furnishing and installing highway signs and post assemblies, 
including construction of all necessary concrete and reinforced concrete foundations and 


including all sign panel lettering, as shown on the Drawings. 


All signs shall be lettered in both Arabic and English, unless otherwise specified. 


PART 2- PRODUCTS 


A. Sign supports and support assemblies shall conform to ASTM A53/A53M, Grade B. 

B. Aluminum Alloy Panels, Sheets and Miscellaneous Hardware shall conform to ASTM B209 
or B211 as appropriate, using alloy 606-T6. All aluminum alloys shall have a minimum 
tensile strength of 2,500 kg/sq.cm and minimum yield strength of 2,000 kg/sq.cm. 

C. Extruded aluminum panels shall be fabricated from aluminum alloy 6063-T6 conforming to 
the requirements of ASTM B221. 

D. Steel sheet panels shall conform to the requirements of ASTM A653. 

E. Stainless steel bolts and self locking nuts shall conform to ASTM A276/A276M, Chromium 
Nickle Grade with a minimum yield of 2000 kg/sq.cm. 

F. Vulcanized Fiber Washers shall conform to ASTM D710, Gray, commercial grade, when 
shown on the plans. 
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G. Reflective Sheeting 


1. 


Reflective sheeting shall be of the "High Intensity Grade". 

Reflective sheeting shall consist of synthetic sheet resin or other approved 
noncellulostic materials, transparent plastic of the colors specified, and a retro- 
reflective system (i.e. glass spheres). 

The reflective sheeting shall have a precoated pressure sensitive adhesive backing, or 
a precoated tack-free solvent or heat activated adhesive backing. 

The Reflective Sheeting shall meet the requirements and satisfy the tests as laid down 
in the US Federal Specification L-5-300B. 


H. Aluminum posts for sign supports shall conform to ASTM B221, alloy 6061-T6. Include all 
related accessories required for a complete installation. 


I. Steel posts for sign supports shall conform to ASTM A36/A36M. Galvanize the posts 
according to ASTM A123/A123M. 


J. Sheets for plain aluminum signs shall have a minimum thickness of 3 mm. 


K. Extruded aluminum sign panels shall have a minimum thickness of 2 mm for sizes up to 762 
x 762 mm. 


L. Steel sheet panels shall have a minimum thickness of 2 mm. 


PART 3- EXECUTION 


3.1 INSTALLATION 


A. Sign Faces 


1- 


The type, color design and size of all sign faces shall be as shown on the Drawings or 
in accordance with the Employer's latest design standards, or shall meet the standards 
adopted in the "Egyptian code concerning road traffic, signs and signals 

Prepare and submit for approval, 3 sets of detailed working drawings for the sign 
faces, in respect of all required danger, warning, regulatory and informative signs. 
Complete details of arrangement and spacing for Arabic and English lettering, and 
mounting whole locations, shall be shown on these drawings. 

Mounting hole spacing for screws, bolts or rivets shall not exceed 200 mm. 
Characters shall be secured to the sign using non-twist, corrosion resistant screws, 
bolts or rivets. 

The correct Arabic and English spelling of the official names of towns, districts, 
roads and streets etc., will be supplied by the Engineer. Sizes and style of lettering 
and arrows shall be as shown on the Drawings or as recommended by the Engineer. 
The rear sign face of all signs shall be painted with 2 coats of priming paint 
pigmented with chromates or chromes (excluding lead chromes) plus 2 coats of 
weather-resisting dull silver gray paint. 

Where the drawings indicate stiffening of sign plates, this shall be achieved in 
compliance with BS 873 Part 6, AMD 6658, in a manner such that the sign face 
material is not punctured or otherwise damaged to accommodate the stiffening. 

Signs delivered to the Site shall be stored off the ground and under cover in an 
approved manner. Any sign damaged, discolored, or defaced during transportation, 
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storage, or erection will be rejected and shall be replaced at no additional expense to 


the Employer. 
B. Footings 
1- Post footings shall be excavated to the dimensions shown on the Drawings. Footings 


shall be installed and backfilled flush with the finished ground surface. Class 210/20 
concrete shall be placed against the undisturbed excavated faces, except that the top 
150 mm of each footing shall be formed. Forming of the entire footing will not be 
permitted unless approved. Concrete shall be thoroughly rodded and spaded to 
minimize voids. Tops of footings shall be finished with a wood float and all exposed 
edges shall be rounded with an edger. 

2- Backfill, where needed, shall be thoroughly compacted using mechanical tampers. 
Care shall be taken to prevent damage to the finished concrete. Backfill shall be 
brought up to finished ground level. 

3- Pipes or posts to be set in concrete bases shall be firmly supported with the correct 
orientation and plumbed vertical before any concrete is placed. Posts or pipes that 
are found to be out of plumb after installation will not be accepted and shall be 
replaced at no additional expense to the Employer. 


C. Sign Posts and Support Assemblies 


1- Signs shall normally be erected so that the edge and face of the sign are truly vertical 
and the face is as indicated on the Drawings or as required by the Engineer, so they 
will be most effective and so as to avoid specular reflection and glare. On grades, 
signs can be tilted forward or backward from the vertical to improve the viewing 
angle. 

2- The Engineer will establish the longitudinal location of each sign, which shall be 
laterally positioned from the shoulder or curb as shown on the Drawings. The 
Contractor shall establish the location of the sign supports and shall be responsible 
for the proper elevation, offset, and orientation of all signs. If any stakes are lost, 
damaged, displaced, or removed, the Contractor shall have them reset at his own 
expense. 

3- Post lengths shown on the Drawings for small signs are approximate only. The 
Contractor shall be responsible for determination of post lengths to provide the 
required vertical clearance. Field cutting of posts shall be performed by sawing off 
the bottom end. 

4- Sign Supports shall be fabricated as detailed on the Drawings. When galvanizing is 
specified, assemblies shall be hot-dip galvanized after fabrication. All welds shall be 
mechanically cleaned before galvanizing. Galvanizing materials on which the 
galvanizing has been damaged in transporting, handling, or erection will be rejected 
or may, with the approval of the Engineer, be repaired in the field by the zinc alloy 
stick method. Required field welds and adjacent areas on which galvanizing has been 
damaged shall also be galvanized by this method. 

5- Zinc alloy sticks for repair work on galvanizing shall be cast from zinc, tin and lead 
in combination with fluxing ingredients. The compound shall be completely liquid at 
a temperature not lower than 240 degrees C. The area to be regalvanized shall be 
thoroughly cleaned, including removal of slag on welds. The surface shall be heated 
with oxyacetylene torch to approximately 315 degrees C and the alloy stick rubbed 
over the surface to fix a deposit. While the alloy is still liquid, the deposit shall be 
smoothed evenly over the area using a wire brush. If a heavy deposit or build-up is 
required to match the original coating, more alloy shall be added immediately to the 
initial bond deposit and spread with a paddle or brush until the required thickness is 
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obtained. Edges of drilled holes shall be coated with commercially available zinc- 


rich paint. 

6- Submit 3 copies of the fabricator's certificates stating that the material supplied 
conforms to all of the specified requirements. 

7- All exposed steel surfaces, except galvanized surfaces, shall receive one shop coat of 


Paint No. 1 and two field coats consisting of Paint No. 5 followed by Paint No.4. All 
painting procedures shall conform to the relevant requirements of Section 6.09 - 
"Painting of Structures”. 


D. Fastening Signs to Posts 


1- Signs panels larger than 1 sq.m shall be supported on 2 or more ports as shown on the 
drawings. 
2- Signs shall be fastened to sign supports in accordance with the recommendations of 


the sign manufacturer and to the satisfaction of the Engineer. Fasteners shall be 
vandal resistant to the maximum extent practicable. 

3- All bolt heads, screw heads, and washers used to install signs on support shall be such 
that they do not protrude from the surface of the sign. The heads of bolts or screws 
shall be as nearly as practicable the same color as the background or message area at 
the point where the hardware is exposed. 


4- Fastener systems shall, as far as practicable, be designed so as not to require the 
drilling of the sign face. 
5- When steel signs are mounted with aluminum hardware or where aluminum signs are 


mounted with steel hardware or on steel posts, approved asphalt, nylon or neoprene 
insulation shall be installed at all points where dissimilar metals may come into 
contact. 


END OF SECTION 321750 
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SECTION 336200 - RELOCATION OF UTILITIES IN CONSULTATION WITH UTILITY 


AGENCIES 
PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 


A. Drawings and general provision of the Contract, including General and Special Conditions, apply 
to this Section. 


1.2 SUMMARY 


B. This section covers the requirement for removal, protection, and relocation of various types of 
utilities located within the right of way. 


C. The utilities, including, but not limited to: 


1. 


2. 


3: 


9. 


National Telecommunication Corporation (NTC) 
Karachi Water & Sewerage Board (KW&SB) 

Karachi Electric (KE) 

Sui Southern Gas Company (SSGC) 

Pakistan Telecommunication Company Limited (PTCL) 
National Refinery Limited (NRL) 

Pakistan Refinery Limited (PRL) 

Pakistan State Oil (PSO) 


Pak-Arab Refinery Company Limited (PARCO) 


10. Pakistan Rangers 


PART2- 


PRODUCTS 


2.1 MATERIAL REQUIREMENT FOR BACKFILL 


A. All materials, required for the relocation of services shall conform to the Specification of the 
utility department whose utilities are to be relocated or as specified elsewhere in the Contract 
Document. 
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PART 3 - EXECUTION 


3.1 CONSTRUCTION REQUIREMENTS 


A. 


3.2 


A. 


3.3 


A. 


The construction requirement such as alignment level and general workmanship shall conform to 
the applicable requirements of respective, relative agencies and as specified elsewhere in the 
Contract Document. 


SURVEY OF EXISTING SERVICES / UTILITIES 


The Contractor shall carryout detailed survey of all underground services/utilities along with all 
utility agencies to establish the confirmatory information provided in the bidding drawings and 
inclusion of any missing information (if any) in the drawings. 


The Contractor shall arrange a preconstruction meeting with the representatives of respective 
utility agency and the Client’s representatives before the start of utility relocation work in the 
presence of the Engineer. The proposed meeting will provide information to participants and 
shall provide the opportunity to review, discuss and finalize the proposed utility relocation 
coordination plan outlining the sequence and timing of utility relocation, as well as to raise and 
resolve concerns about the overall construction plan. 


To meet this objective of relocation of utilities and to provide the clear site condition, it is 
imperative that a utility relocation coordination plan be developed and agreed to by the Client 
and utility agencies (K-electric, PTCL, NTC, SSGC, KW&SB, PARCO, City District 
government and any other relevant agencies which may have utility lines in the vicinity of the 
project). 


It is important that the Contractor and the utility agencies should have an understanding of the 
conditions in all permits as they could directly impact the scheduling of the relocations. 


DETAILED DRAWINGS / SHOP DRAWINGS 


The Contractor shall prepare the detailed work methodology and working / Shop drawings for 
the actual execution of relocation and protection work of the existing services for the approval of 
the concerned department and the Engineer. 


The Contractor shall prepare and submit the detailed cost estimate of such services in 
consultation with the concerned department for the approval of the Engineer. After review of the 
drawings / shop drawings, the department shall relocate / protect the line and contractor will 
facilitate the department to carry out their work. The relocation of water and sewerage line will 
however be relocated by the main Contractor and KW&SB representative will supervise the 
work as per their satisfaction, instructions and approved work methodology. 


The Contractor shall notify the concerned department and the Engineer in writing the sequence 
of construction, time and duration along with detailed work methodology for the execution of the 
works to be carried out for the approval. 
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D. 


Existing utility lines that are shown on the drawings or the locations of which are made known to 
the Contractor prior to excavation and that are to be retained, as well as utility lines found during 
excavation and backfilling, and if damaged, shall be repaired by the Contractor at his own 
expense. The Contractor shall repair any existing utility lines, which are not known to the 
Contractor in sufficient time to avoid damage, if inadvertently damaged during excavation, shall 
be repaired or replaced at his own risk and cost. When utility lines, which are to be removed, are 
encountered within the area of operations, the Contractor shall notify the Engineer in ample time 
for the necessary measures to be taken to prevent interruption of the service. 


3.4 PITS AND TRENCHES 


A. 


Inspection pits for the location of underground services shall be excavated by manually upto 
sufficient depth to locate the utility lines unless otherwise required by the Engineer. Hand- 
operated power tools may be used to assist excavation wherever necessary. The location, depths 
and dimensions of all services exposed shall be measured and recorded for the submission along 
with other related information. 


Trial pits, trenches, observation pits and trenches shall be examined and logged by a suitably 
qualified materials technician, photographed and submitted to the Engineer. 


Backfilling of the pits and trenches shall be carried out as soon as practicable with material 
replaced with a similar depth as encountered and shall be compacted. 


END OF SECTION 336200 
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SECTION 348313 - PRESTRESSED CONCRETE CONSTRUCTION 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 
1.2 SUMMARY 

A. This section includes the specifications of prestressing steels, prestressing components, 

prestressing equipment and plant and construction requirements of prestressed concrete. 
1.3 DEFINITION 

A. _ Prestressing Steel: Steel wire, strand or bars used for prestressing of concrete. 

B. Post-Tensioning: The process when the prestressing steel is tensioned after the concrete has 
hardened. 

C. Pre-Tensioning:The process when the prestressing steel is tensioned against independent 
anchorages before the concrete is placed round it. 

D. Cable and Tendon: Cable and tendon both refer to a bundle of prestressing steel of the same 
type and size bundled together to be contained within a duct and stressed, individually or 
collectively, from the same anchorage. 

E. Prestressing System: A proprietory system of applying prestress and includes anchorages, 
couplers and jacks but does not necessarily include prestressing steel and cable ducts. 

1.4 PREINSTALLATION MEETINGS 
A. Preinstallation Conference: Conduct conference at Project site. 
1. Review methods and procedures related to installation of prestressing steel including, but 
not limited to, the following: 
a. Construction schedule and availability of materials, personnel, and equipment needed to 
make progress and avoid delays. 
b. Storage of materials on-site. 
c. Structural load limitations. 
d. Coordination of prestressing installation drawings and nonprestressed reinforcing steel 
placing drawings. 
e. Horizontal and vertical tolerances on tendons and nonprestressed reinforcement 
placement. 
f. Marking and measuring of elongations. 
g. Submittal of stressing records and requirements for tendon finishing. 
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h. Removal of formwork. 


1.5 ACTION SUBMITTALS 
A. Product Data: For the following: 


Tendon sheathing. 

Anchorage devices. 

Tendon couplers. 

Bar and tendon supports. 

Pocket formers. 

Sheathing repair tape. 
Stressing-pocket patching material. 
Encapsulation system. 


poriro Hi ew a a 


B. LEED Submittals: 


1. Product Data for Credit MR 4: For products having recycled content, documentation 
indicating percentages by weight of postconsumer and preconsumer recycled content. 
Include statement indicating cost for each product having recycled content. 


C. Shop Drawings: Include the following, prepared by or under the supervision of a qualified 
engineer, detailing layout and installation procedures: 


1. Installation drawings including plans, elevations, sections, and details. 

2. Numbers, arrangement, and designation of post-tensioning tendons. 

3. Tendon profiles and method of tendon support including chair heights and locations. 
Show tendon profiles at sufficient scale to clearly indicate all support points, with their 
associated heights. 

4. Tendon anchorage details including bundled tendon flaring. 

5. Tendon clearances around slab openings and penetrations. 

6. Construction joint locations, pour sequence, locations of anchorages and blockouts 
required for stressing. 

7. Stressing procedures and jacking force to result in final effective forces used in 
determining number of tendons required. 

8. Calculated elongations for each tendon. 

9. Details for horizontal curvature around openings and at anchorages. 

10. Details for corners and other locations where tendon layouts may conflict with one 
another or nonprestressed reinforcing steel. 

11. Locations of nonprestressed reinforcement required for installing post-tensioning tendons 
including, but not limited to, the following: 


a. Support bars. 


a. Backup bars and hairpins at anchorages. 
b. Hairpins at locations of horizontal curvature. 
Cc. Supplemental reinforcement at blockouts. 


D. Samples: For the following products: 


1. Each anchorage device assembly with a minimum of 610 mm of coated, sheathed 
strand. 
2: Each coupler assembly with a minimum of 610 mm of coated, sheathed strand. 
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3. Components of the encapsulation system, unassembled and clearly identified. 


INFORMATIONAL SUBMITTALS 


Qualification Data: For Installer, manufacturer and testing agency. Include resume of 
individual supervising installation and stressing of post-tensioning tendons. 


Product Certificates: 


1. For each type of anchorage device and coupler. 
2. For each type of encapsulation system. 


Mill Test Reports: Certified mill test reports for prestressing strand used on Project 
indicating that strand is low relaxation and including the following: 


1. Coil numbers or identification. 
2. Breaking load. 

2. Load at 1 percent extension. 

3. Elongation at failure. 

4. Modulus of elasticity. 

6. Diameter and net area of strand. 


D. Field quality-control reports. 


Procedures Statement: Procedures for cutting excess strand tail and patching stressing 
pocket. 


Stressing Jack Calibration: Calibration certificates for jacks and gages to be used on Project. 
Calibrate each jack-and-gage set as a pair. 


Stressing Records: Submit the same day as stressing operations. 


QUALITY ASSURANCE 


Manufacturer Qualifications: Fabricating plant certified by approved and accredited 
qualified company. 


Installer Qualifications: A qualified installer whose full-time Project has an experience 
acceptable to Engineer. 


1. Superintendent must receive training in the operation of stressing equipment to be used on 
Project. 


Testing Agency Qualifications: Qualified according to ASTM E 329 for testing indicated. 


Testing Agency Inspector: Personnel performing field inspections and measuring 
elongations shall have an experience and knowledge acceptable to Engineer. 


Qualified engineer Qualification. 
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1.8 DELIVERY, STORAGE, AND HANDLING 
A. Deliver, store, and handle materials according to test for Unbonded Single Strand Tendons." 


B. Immediately remove damaged components from Project site. 


PART 2 - PRODUCTS 


2.1 CONCRETE 
A. — Concrete: Concrete for prestressing shall be in accordance with the requirements of Section 
033000 “Cast-In-Place Concrete”. 
2.2 PRESTRESSING STEEL 
A. Steel Wire: Steel wire shall comply with ASTM A421/A421M or with BS 5896. 


B. Stress-Relieved Seven-Wire Strand: Stress-Relieved Seven-Wire Strand shall comply with 
AASHTO M203M/M203, ASTM A416/A416M or with BS 5896. 


C. High Tensile Steel Bar: High tensile steel bars for prestressed concrete shall comply with 
AASHTO M275M/M275, ASTM A722/A722M or with BS 4486. 


2.3 PRESTRESSING COMPONENTS 


A. Prestressing components, such as cable ducts, anchorages and couplers, shall be of approved 
types suitable for types of cables and bars used. 


2.4 GROUT 


A. Grout shall be water and cement complying with the requirements of Section 033000 “Cast- 
In-Place Concrete”. 


PART 3 - EXECUTION 


3.1 GENERAL 


A. Submit to the Engineer’s approval full details of the proposed prestressing system and 
suppliers of the basic materials and components. No system shall be incorporated in the 
Works until approved by the Engineer. 


B. Prestressing operations shall be carried out only under the direction of an experienced and 
competent supervisor and all personnel operating the stressing equipment shall have been 
properly trained in its use. As an addition to the normal precautions against accident for the 
whole of the work, special precautions shall be taken when working with or near tendons, 
which have been tensioned or are being tensioned. 
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3:2. 


3.3 


3.4. 


CABLE DUCTS 


Ducts shall be maintained in their correct positions during placing of the concrete. Where 
members are made up of precast units stressed together, the ducts in the joints between the 
units shall be in perfect alignment and joined securely so as to allow unimpeded cable 
threading and pulling and prevent the ingress of the epoxy mortar used for gluing the several 
units together before stressing. Details of such joints shall first be approved by the Engineer. 
The tolerance in the location of the sheath shall be plus or minus 3 mm. 


Joints shall be kept to a practicable minimum and each joint adequately sealed against the 
ingress of any material. Joints in adjacent sheaths shall be staggered by at least 300 mm. 


Ducts shall be kept free of any matter detrimental to the bond between the sheath and the 
grout and, except for material sealing a sheath joint, between the sheath and the concrete. 


The ends of all ducts shall be sealed and protected until the tendon is threaded through and the 
stressing operations are commenced. Where tendons in sheaths or sheath on its own are left 
exposed to atmosphere, rust inhibitors shall be used as per the maker's specification to prevent 
rusting and corrosion of the inside of sheaths. They shall be flushed with clean water before 
the tendons are grouted. The Contractor is responsible for carrying out these measures at his 
own expense. 


PRERSTRESSING STEEL 


All wires or strands stressed at the same time shall be taken from the same parcel. Each cable 
shall be tagged with its number and the coil number of the steel used. 


Tendons shall not be welded within the length to be tensioned and, unless other methods of 
cutting are approved by the Engineer, tendons shall be sawn or cropped using an abrasive disc 
cutter. 


Tendons shall be built into the work strictly in accordance with the system which is being 
employed. 


Tendons shall not be kinked or twisted and individual wires or strands shall be readily 
identifiable at each of the members. No strand which has become unravelled shall be used in 
the work. 


ANCHORAGES 

All anchorages shall be approved cast anchorages. Anchor cones, blocks and plates shall be 
positioned and maintained during concreting so that the centerline of the duct passes axially 
through the anchorage assembly. 


All bearing surfaces of the anchorages shall be clean prior to concreting and tensioning. 


If proprietary forms of anchorage are used, the anchoring procedure shall be strictly in 
accordance with the manufacturer's instructions and recommendations. 


Any allowance for draw-in of the tendon during anchoring shall be in accordance with the 
Engineer's instructions, and the actual slip occurring shall be recorded for each individual 
anchorage. 
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3.5. 


3.6. 


JACKS FOR PRESTRESSING 


. All jacks used for prestressing shall be of the type applicable to the system adopted. The 


accuracy of the load metering equipment shall be checked to the satisfaction of the Engineer 
at the start of the work each day it has to be used and whenever the equipment is moved to a 
different job. 


. Documentary proof shall be provided confirming that all jacks have been fully over-hauled 


and checked by an agent approved by the manufacturer of the equipment. Each jack shall be 
accompanied by a test certificate indicating that it has been tested and calibrated by the 
manufacturer or by an approved testing laboratory up to a load equal to the full capacity of the 
jack within a period of two years prior to the commencement of prestressing. 


All gages, load cells, dynamometers and other devices used for measuring the stressing force 
shall have an accuracy of within plus or minus 1.5 percent. Pressure gages shall have a 
capacity and calibrated cell such that the working pressure required to stress the tendons to 
the fully stated load lies within the central half of the range of the gage. 


. Each gage shall have a calibration certificate issued by an approved test laboratory. All 


pressure gages shall be so constructed that they may be calibrated, either directly by an 
approved testing laboratory, or by compressing with a meter gage which has itself been 
calibrated by an approved testing laboratory. 


All pressure gages shall be re-calibrated before use and at intervals of 14 days during the 
prestressing operation. The Engineer will order re-calibration of any pressure gage at any 
time should he have reason to suspect damage to or faulty operation of the gage. 


The accuracy of all prestressing and load measuring equipment shall be checked whenever 
required by the Engineer. Provide a rig suitable in the opinion of the Engineer, for all 
checking and calibration of any jacking system consisting of jacks and associated load 
devices, pressure gages and dynamometers. 


GROUT FOR DUCTS 


. Unless otherwise directed or agreed as a result of grouting trials, the grout shall consist only 


of ordinary Portland cement and water. The water:cement ratio shall be as low as possible 
consistent with necessary workability and under no circumstances be higher than 0.45 and not 
be subject to bleeding in excess of 2 percent after 3 hours, or 4 percent maximum. When 
measured at 18 degrees C in a covered glass cylinder approximately 100 mm water shall be 
reabsorbed after 24 hours. 


. Grout shall be mixed for a minimum of two minutes and until a uniform consistency is 


obtained. The pumpability of the grout may be determined in accordance with the US Corps 
of Engineers Method CRD-C79 in which case the efflux time of the grout sample 
immediately after mixing shall not be less than 11 seconds. 


. Admixture containing chlorides or nitrates shall not be used. Other admixtures may be used 


only with the written permission of the Engineer and shall be applied strictly in accordance 
with the manufacturer's instruction. 


. The design for grout mix shall be tested in accordance with ASTM C49/C49M for 


longitudinal change. Each design mix and each batch mix shall be tested for vertical 
dimensional change: 
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3.7. 


PLANT FOR GROUTING 


The grout mixer shall produce a grout of colloidal consistency. The grout injector shall be 
capable of continuous operation with a sensibly constant pressure up to 0.7 Newton per 
square millimeter and shall include a system of circulating or agitating the grout while actual 
grouting is not in progress. All baffles to the pump shall be fitted with sieve strainers of 
1.0 mm nominal aperture size to ASTM E11. The equipment shall be capable of maintaining 
pressure on completely grouted ducts and shall be fitted with a nozzle which can be locked 
off without loss of pressure in the duct. 


The pressure gages shall be calibrated before they are first used in the work and thereafter as 
required by the Engineer. All equipment shall be thoroughly washed with clean water at least 
once every 3 hours during the grouting operations and at the end of use each day. 


PART 4 -— POST-TENSION EXECUTION 


4.1. 


4.2. 


GENERAL 


. Immediately before tensioning, all tendons shall be free to move between jacking points and 


that members are free to accommodate the horizontal and vertical movements due to the 
application of prestress. 


Unless otherwise specified, concrete shall not be stressed until it has reached the age at which 
at least 2 test specimens taken from it attain the specified transfer strength. The test 
specimens shall be cured in similar conditions to the concrete to which they relate. Cast 
sufficient specimens to demonstrate that the required strength of the concrete at transfer has 
been reached. 


Where members consist of jointed elements the strength at transfer of the jointing material 
shall be at least equivalent to the specified transfer strength of the member. 


TENSION PROCEDURES 


. Establish the datum point for measuring extension and jack pressure to the satisfaction of the 


Engineer. 


Add to the specified forces and allowance where necessary for anchorage friction, wedge 
pull-in, jack losses and friction due to duct alignment and curvature. The total forces and 
calculated extensions shall be submitted to the Engineer’s approval before stressing is 
commenced. 


Immediately after anchoring, the stresses in the tendons shall not exceed 75 percent of their 
ultimate tensile strength. During stressing the value shall not exceed 80 percent. 


. The tendons shall be stressed at a gradual and steady rate until they attain the force and 


extension specified. 


If the measured extension differs by more than 5 percent from the estimated extension, 
corrective action shall be taken as directed by the Engineer. 
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4.3 


The force in the tendons shall be obtained from reading on a load cell or pressure gage, and 
the extension of the tendons measured. Due allowance must be made for taking up slack in 
the tendons. 


Stressing shall be from both ends unless otherwise specified or agreed by the Engineer. 


Where stressing from one end only, the pull-in at the end remote from the jack shall be 
accurately measured and the appropriate allowance made in the measured extension at the 
jacking end. 


When the specified force, including any overload of short duration, has been applied, to the 
satisfaction of the Engineer, the tendons shall be anchored. The jack pressures shall then be 
released in such a way as to avoid shock to the anchorage of tendons. 


If the pull-in of the tendons at completion of anchoring is greater than that stipulated by the 
Engineer, tensioning shall be carried out afresh. 


. If it is necessary to cut the tendons to enable the ducts to be grouted, this shall be delayed as 


long as practicable up to the time of grouting. In all other cases, unless agreed otherwise by 
the Engineer, the tendons shall not be cropped less than 3 days after grouting. Grouting and 
cropping operations shall not proceed prior to the Engineer’s written approval of the 
measured extensions. 


Full and detailed records of all tensioning operations shall be kept, including the measured 
extensions, pressure gage or load cell readings and the amount of pull-in at each anchorage. 
Copies of these records shall be supplied to the Engineer within 24 hours of each tensioning 
operation. 


GROUTING PROCEDURES 


. Grouting trials shall be undertaken when required by the Engineer. All anchorages shall be 


sealed before grouting. Ducts shall not be grouted when the air temperature in the shade is 
lower than 3 degrees C. Grout shall not be above 32 degrees C during mixing or pumping 
and, if necessary, the mixing water shall be cooled. 


. All ducts shall be thoroughly cleaned by means of compressed air. Ducts formed without 


sheathing shall be filled with water at least one hour before grouting. Sheathed ducts shall not 
be filled with water unless required by the Engineer. Where ducts have been filled with water 
it shall be blown out by compressed air. 


. Ducts shall be grouted as soon as practicable after the tendons have been stressed and the 


Engineer's permission to commence has been obtained. The ducts shall be completely filled 
with grout. Grout shall be injected in one continuous operation and allowed to flow from the 
vents until the consistency is equivalent to that being injected. 


. Vents shall be sealed consecutively in the direction of flow and the injection tube sealed 


under pressure until the grout has set. The filled ducts shall be protected to the satisfaction of 
the Engineer to ensure that they are not subjected to shock or vibration for 1 day and that the 
temperature of the grout in them does not fall below 3 degrees C for three days after its 
injection. Two days after grouting, the level of grout in the injection and vent tubes shall be 
inspected and made good if necessary. 
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E. 


keep fully detailed records of grouting including the date each duct was grouted, the 
proportion of the grout and any admixtures used, the pressure, details of any interruptions and 
topping up required. Copies of these records shall be supplied to the Engineer within three 
days of grouting. 


Where required by the Engineer, provide facilities and attendance for the radiographic testing 
of ducts. 


PART 5 - PRETENSION EXECUTION 


4.1 


5:2 


3:3; 


5.4 


5.5 


In pretensioned members where tendons are specified as debonded from the concrete, they 
shall be covered with sleeves of PVC or other material approved by the Engineer. The ends 
of the sleeves shall be taped to the tendon to prevent the ingress of grout. 


Unless otherwise agreed by the Engineer, tendons shall be stressed in accordance with the 
requirements of this Specification. 


Members shall be free to accommodate the horizontal and vertical movements due to the 
application of prestress. 


When the concrete has attained the specified strength, the load shall be transferred gradually 
without severance of the tendons. The tendons shall then be trimmed back flush to the face of 
the concrete and specified protection applied to their ends. 


All members shall be indelibly marked to show the specified member mark, the production 
line on which they were manufactured, the date on which the concrete was cast, the load 
applied and, if they are of symmetrical section, the face which will be uppermost when the 
member is in its correct position in the Work. The markings shall be so located that they are 
not exposed to view when the member is in its permanent position. 


PART 6 - QUALITY CONTROL AND TESTING 


6.1 PRESTRESSING STEEL 

A. Before approval, at least two samples of the prestressing steel shall be tested at an approved 
independent laboratory for chemical composition, mechanical strength, relaxation and 
physical characteristics to the following standards: 

1. Wires: ASTM A421 or BS 5896 

2. Bars: AASHTO M275M/M275, ASTM A722/A722M or BS4486 

3. Seven-Wire Strands: AASHTO M203M/M203, ASTM A416/A416M or BS 5896. 
4. Nineteen-Wire Strands: BS 5896. 

B. Subsequently, the Engineer may require additional samples, selected at random from 
materials on site, to be similarly tested. 

C. When compression grips are used, not less than six, selected at random, shall be tested to 
failure using strands to be used in the Works. The test will be witnessed by the Engineer or 
his appointed representative. 
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6.2 ANCHORAGES 
A. Before approval, at least two anchorages shall be tested at an approved laboratory to BS4447. 
Subsequently, the Engineer may require additional samples, selected at random from 
materials on site, to be similarly tested. 
B. For each anchorage type used in the Works, the characteristic value of anchorage efficiency, 
determined in accordance with BS EN 13391, shall be not less 90%. 
6.3 GROUT 
A. Where the grouting operation is interrupted or where a blockage or suspected blockage occurs 
or where leakage of grout occurs at locations other than at grout tubes, the Engineer shall 
order radiographic tests to be carried out at specific locations. Strict safety precautions shall 
be taken during radiography, and the storage, transportation and handling of radioactive 
materials shall meet current World Health recommendations. 
END OF SECTION 348313 
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SECTION 348316 - CONCRETE BRIDGES & ERECTION PROCEDURES 


PART 1 - GENERAL 


1.1 


A. 


1.2 


RELATED DOCUMENTS 


Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 


SUMMARY 


This Section consists of erecting bridge structures and decks in the conformity with the lines, 
grades and dimensions shown on the Drawings and in accordance with the Specification. 


PART 2 - PRODUCTS 


A. 


The products shall conform to the requirements of the following sections of the Specification: 


1. Section 033000 “Cast-In-Place Concrete”. 
2. Section 348313 “ Prestressed Concrete construction” 


PART 3 - EXECUTION 


3.1 


PRECAST BEAM AND SLAB CONSTRUCTION 
Manufacture of Prestressed Beams: 


The details of method of manufacture shall be approved by the Engineer before work is 
started. No changes shall subsequently be made without the consent of the Engineer. 


Inform the Engineer in advance of the date of commencement of manufacture and the dates 
when tensioning of tendons, casting of members and transfer of stress will be undertaken for 
the first time for each type of beam. 


submit to the Engineer, not more than 7 days after the transfer of stress, a certificate showing 
the force and strain in the tendons immediately after they were anchored, the strength and age 
of the test cylinders cast in accordance with this Specification, and the minimum age in hours 
of the concrete at the time stress was applied to the members. Copies of all 28-day cylinder 
test results relating to the work shall be kept so that the identity of those who stressed the 
tendons, cast the concrete and transferred the stress, on any member or line of members, can 
be traced. 


Where the Engineer requires tests to be carried out on beams, the beams to which these tests 
relate, shall not be dispatched to Site until the tests have been satisfactorily completed. 
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3.2 


B. Storage and Handling of Prestressed Members 


Members shall be firmly supported at such bearing positions as will ensure that the stresses 
induced in them are always less than the permissible design stresses. Members shall be lifted 
or supported only at the points specified and shall be handled and placed without impact. 


C. Tolerance in Pre-Cast Members 


1. 


Dimensional Variations shall not exceed the tolerances given below: 


a. Length: +12 mm 

b. Width and depth: +6 mm 

c. Bow in the vertical plane: +15 mm or -O mm 
d. Bow in the horizontal plane: +12 mm 

e. Difference between longest and 


shortest dimensions (check for 

squareness of beam) in any plane: +6mm 
f. Twist (measured by the deviation 

of any corner from the plane 

containing the other 3 corners): +6 mm 
g. Flatness (the maximum deviation 

from a 1.5 meter straightedge 

placed in any position on 


nominally plane surface): +6 mm 
h. Cover to reinforcement: +5 or -0 mm 
i. Prestressing tendons: +3 mm in any direction 
j- Dowel holes: +3 mm in any direction 


D. Composite Slab Construction 


1. 


Where in-situ concrete deck is cast to act compositely with pre-cast beams, the beams 
shall be installed to correct line and level, starting from the outer most beam and working 
inwards progressively. When the beams are laid side by side just before erection the 
difference in soffit level between adjacent beams shall nowhere exceed 6 mm. Where 
permanent soffit shutters are used, they shall be to the approval of the Engineer and they 
shall be fixed securely so that there is no movement or grout loss during deck concreting. 


The in-situ concrete deck over any one span shall be poured in one continuous operation 
and shall be placed in such a sequence that the advancing edge of the freshly deposited 
concrete over the full width of deck or between longitudinal construction joints is 
approximately parallel to the deck supports. Lateral displacement of beams shall be 
prevented during the placing of in-situ concrete. 


The width of the in-situ deck shall be within +25 mm of that specified. On curved bridge 
deck, the in-situ deck may be in a series of straights such that the width is within +25 mm 
of that specified. 


IN-SITU CONSTRUCTION 


A. Where bridge decks are constructed in-situ, the details of all forms and falsework shall first be 
approved by the Engineer. Dimensional variations shall not exceed the following tolerances: 
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1. Length: +12 mm 
2. Width: +10 mm 
3. Thickness: +6 mm 
4. Levels: +10 mm or -0 mm 
5. Void Location: +6 mm in any direction 
6. Cover to reinforcement: +5 mm or -0 mm 
7. Prestressing tendons: +5 mm in any direction 

END OF SECTION 348316 
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SECTION 348319 - BRIDGE EXPANSION JOINTS 


PART 1 - GENERAL 


1.1 


1.2 


1.3 


1.4 


A. 


Ç. 


RELATED DOCUMENTS 


Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 


SUMMARY 


This section inludes works of furnishing products and installation of expansion joints for 
bridge decks. 


DEFINITION 


The joint construction shall be described on the Drawings and may be one of the following 
types: 


1. Buried joint within the bridge deck 
2. Elastomeric sealed joints 


Unless otherwise shown on the Drawings, expansion joints shall be fully waterproof type and 
to the Engineer's approval. Inform the Engineer well in advance, the type of expansion joint 
intended to be used and obtain the Engineer's approval of the joint type and joint 
manufacturer. The Contractor is then required to furnish detailed drawings of all the joints 
and method of assembly and installation procedure for the approval of the Engineer, to ensure 
that direct site supervision of the first of each type of joint is provided by an experienced 
technical representative of the manufacturer and thereafter, by competent persons who have 
been trained in the proper installation of expansion joints. All joints shall be installed in 
accordance with the manufacturer's recommendations using only materials and tools 
recommended by the manufacturer. The bedding and nosings of expansion joints shall be 
considered integral parts of the joint and the joint manufacturer shall be responsible for the 
supply of all constituent materials required for bedding and nosing of joints at the time of 
supplying the joint. 


ACTION SUBMITTALS 


Product Data: For each type of product indicated. 


. LEED Submittals: 


1. Product Data for Credit MR 4: For products having recycled content, documentation 
indicating percentages by weight of postconsumer and preconsumer recycled content. 
Include statement indicating cost for each product having recycled content. 


Samples: For each type of joint. 
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1.5 


INFORMATIONAL SUBMITTALS 


Qualification Data: For Installer to demonstrate their capabilities and experience. Include lists 
of five completed projects (minimum) of a similar nature carried out successfully with project 
names and addresses, names and addresses of engineers and employers, and any other 
information specified or required by Engineer. 


Installer Certificates: Signed by product manufacturer certifying that installer is approved, 
authorized, or licensed by manufacturer to install his products. 


Preconstruction Field Test Reports: Indicate which sealants and joint preparation methods 
resulted in optimum adhesion to joint substrates based on preconstruction testing specified in 
"Quality Assurance" Article. 


Field quality-control reports. 


E. Preconstruction Compatibility and Adhesion Test Reports. 

F. Field Test Report Log. 

G. Product Test Reports: Based on comprehensive testing of product formulations performed by 
a qualified testing agency, indicating that sealants comply with requirements. 

H. Warranties: Special warranties specified in this Section. 

1.6 QUALITY ASSURANCE 

A. Qualified Engineer Qualifications: A qualified Engineer authorized to practice in Pakistan in 
jurisdiction where Project is located and who is experienced in providing engineering services 
of the kind indicated. 

B. Installer Qualifications: Manufacturer's authorized Installer who is approved or licensed for 
installation of elastomeric sealants required for this Project. 

C. Source Limitations: Obtain each type of joint from a single manufacturer. 

Product Testing: Test joint sealants using a qualified testing agency. 

D. Testing Agency Qualifications: A qualified independent testing agency, acceptable to 
Engineer, ISO certified conduct the testing indicated. 

E. Preconstruction Field-Adhesion Testing: Before installing elastomeric sealants, field test their 
adhesion to Project joint substrates as follows: 

F. Testing Service: Engage a qualified independent testing agency to perform material 
evaluation tests. 

G. Mockups: Install sealant in mockups of assemblies specified in other Sections that are 
indicated to receive joint sealants specified in this Section. Use materials and installation 
methods specified in this Section. 

H. Preinstallation Conference: Conduct conference at Project site. 
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1.7 


WARRANTY 


Manufacturer's Warranty: Provide written warranty, signed by expansion joints manufacturer 
and Installer, and countersigned by Contractor, agreeing to replace material that does not 
comply with requirements or that does not satisfy project specifications during specified 
warranty period. Warranty includes responsibility for removing and replacing damaged 
materials . 


1. Warranty Period: 10 years from date of Taking Over. 


Installer's Special Warranty: Specified form, signed by Installer, covering works of this 
Section, for warranty period of 10 years from date of Taking Over. 


1. Warranty includes removing and reinstalling expansion joints materials. 


PART 3 - PRODUCTS 


A. 


Storage of joints, jointing materials, sealants and other associated items shall be in accordance 
with the Manufacturer's recommendations. 


The elastomeric, metallic, bituminous, cementitious and resin-based components used in the 
joint construction shall all be strictly in accordance with the description on the Drawings and 
the Manufacturer's specifications. 


PART 4 - EXECUTION 


4.1 


4.2 


GENERAL 


The positioning of holding down bolts and anchorage systems shall be checked for accuracy 
and agreed by the Engineer before the casting of the concrete for the joint and to locate 
holding down bolts or anchorage pockets. The templates or forms shall only be removed with 
the Engineer's consent. Threaded parts shall be protected, kept clean and protected from 
corrosion by a grease coating. 


Where the carriageway surfacing is to be removed to accommodate the bridge joint it shall be 
cut to a clear straight line for the full depth of the surfacing without damage to the concrete 
substrate or the waterproofing. 


Before installation of the joint, the concrete surfaces shall be free from laitance, sand, clear 
and omply strictly with the joint Manufacturer's requirements. 


NOSINGS 


Construction of nosings at joints using epoxy mortar and epoxy concrete shall be formed 
under the direction of a competent supervisor experienced in the use of the material. The 
work shall be carried out preferably in the warm weather. The air temperature around the 
joint shall be not less than 10 degrees C, which shall be achieved artificially if necessary. 
Concrete surfaces to which nosings are applied shall be dry, sound and free from laitance. 
Before application of the primary coat, loose material and dust shall be removed by an air 
jet tested to ensure that no oil is carried over from the compressor. 
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B. Unless otherwise specified, surfacing shall be carried across the joint and then cut back to 
accommodate the nosing. The cutting shall be done with a diamond saw to give a clean 
edge throughout the depth of the material to be removed. Masking material shall be 
provided to prevent surfacing materials adhering to the deck where nosings are to be formed 
and shall be adequately located to prevent displacement by the paving machine. 


C. A primary coat of unfilled epoxy resin composition shall be well worked in by brush to all 
surfaces with which the nosings will be permanently in contact, at a uniform rate of not less 
than 300 gm/sq.m. The mortar shall then be applied as quickly as possible while the 
primary coat is still tacky. 


D. The epoxy mortar and epoxy concrete composition shall be approved by the Engineer. 
Aggregate shall be either silica sand; calcined bauxite or other approved synthetic or natural 
aggregate of suitable grading. The particle size distribution shall be that which produces a 
mortar with adequate strength and workability and minimum void volume. Aggregate shall 
be clean and completely dry. Whichever type of aggregate is used, the epoxy mortar or 
epoxy concrete constituents shall be thoroughly mixed in a suitable mechanical mixer. The 
sequence, duration and temperature of mixing shall be in accordance with the 
manufacturer's instructions. 


E. The mixed constituents shall be placed in position within the time recommended by the 
manufacturer, well worked against the primed surfaces and trowelled flush with the adjacent 
road surface to form a dense mortar to the required profiles. Epoxy mortar shall generally 
be compacted in courses of thickness not exceeding 50 mm. Where an underlying course is 
more than one hour old it shall, unless otherwise agreed by the Engineer, be primed with an 
unfilled epoxy resin priming coat before placing the next course. 


F. The gap width shall be set, in relation to the prevailing deck temperature, with the joint gap 
sides parallel as described on the Drawings and within the joint manufacturer's installation 
instructions. Seals shall remain in compression for the full range of joint movement. 


G. Expansion joints shall be of uniform width and shall be accurately set or finished and 
aligned flush with the finished carriageway surface. Care shall be given to ensure that 
metallic components are not bent or deformed during handling and installation. 


H. The installation process shall strictly comply with instructions given on the Drawings and 
by the joint manufacturer. 


E. The expansion joint and the waterproofing shall be formed so that a watertight seal is 
provided. 
G. During the placing and hardening of the bedding and bonding materials, movement between 


the joint and the substrate shall be prevented. 
K. Before vehicles traffic the joints, temporary covers capable of withstanding vehicular 


loading shall be provided over expansion joints during and after their installation for an 
approved period. 


END OF SECTION 348319 
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SECTION 348323 - BRIDGE BEARINGS 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 
A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 
1.2 SUMMARY 
A. This section includes the works of furnishing testing and installing elastomeric and 
replaceable metal bridge bearings as shown on the Drawings or as directed by the Engineer. 
B. Codes and Standards: Comply with the provisions of following codes: 
BS EN 1337-2, BS EN 1337-3, BS EN 1337-4, BS EN 1337-5, BS EN 1337-6, BS EN 1337- 
7 and BS EN 1337-8, Code of Practice for Design of Bridge Bearings. 
1.3 DEFINITION 


A. Elastomer: A compound containing natural or chloroprene rubber with properties similar to 
those of rubber. 


B. Elastomeric Bearing: A bearing comprising a block of elastomer that may be reinforced 
internally with steel plates. 


C. Laminated Bearing: An elastomeric bearing reinforced with steel plates. 


1.4 ACTION SUBMITTALS 
A. Product Data: For each type of product indicated. 
B. LEED Submittals: 
1. Product Data for Credit MR 4: For products having recycled content, documentation 
indicating percentages by weight of postconsumer and preconsumer recycled content. 


Include statement indicating cost for each product having recycled content. 


C: Samples: For each bearing tyep. 
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1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For firms and persons specified in "Quality Assurance" Article to 
demonstrate their capabilities and experience. Include lists of completed projects with 
project names and addresses, names and addresses of Engineers and employers, and any 


other information required by Engineer. 


B. Material Certificates: Signed by manufacturers certifying that each of the bearing 
constituents comply with requirements. 


C. Material Test Reports: For the following, from a qualified testing agency, indicating 
compliance with requirements: 


D. Field quality-control reports. 


E. Minutes of preinstallation conference. 


1.6 QUALITY ASSURANCE 


A. Qualified Engineer Qualifications: A qualified Engineer authorized to practice in Pakistan 
in jurisdiction where Project is located and who is experienced in providing engineering 
services of the kind indicated. 


B. Installer Qualifications: A qualified installer who employs on Project personnel qualified as 
a Flatwork Technician and Finisher and a supervisor who is a certified Concrete Flatwork 
Technician. 

C. Manufacturer Qualifications: A firm experienced in manufacturing products complying 


with applicable standards requirements for production facilities and equipment. 


D. Testing Agency Qualifications: An independent testing agency, acceptable to Engineer, ISO 
certified and qualified according to applicable standards to conduct the testing indicated. 


E. Source Limitations: Obtain each type or class of specified bearing of the same brand from 
the same manufacturers. Testing Service: Engage a qualified independent testing agency to 


perform material evaluation tests. : 


F. Preinstallation Conference: Conduct conference at Project site. 


1.7 WARRANTY 


A. Manufacturer's Warranty: Provide written warranty, signed by Bridge bearings 
manufacturer and Installer, and countersigned by Contractor, agreeing to replace material 
that does not comply with requirements or that does not satisfy project specifications during 
specified warranty period. Warranty includes responsibility for removing and replacing 
damaged materials . 


1. Warranty Period: 15 years from date of Taking Over for the Elastomeric Bearings. 


B. Installer's Special Warranty: Specified form, signed by Installer, covering works of this 
Section, for warranty period of 15 years from date of Taking Over. 


1. Warranty includes removing and reinstalling bridge bearings. 
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PART 2 - PRODUCTS 


2.1. 


2.2 


STEEL: 


Weldable structural steel shall comply with AASHTO M270M/M270, ASTM A709/A709M 
or if specified to BS 7668, BS EN 10025 parts 1 to 6, BS EN 10029, BS EN 10210-1. 


Steel casting shall comply with BS EN 10293. 
Stainless steel shall comply with ASTM A240/A240M Type 304. 


Cast iron shall comply with AASHTO M105, ASTM A48/A48M. 


ELASTOMER 


A. The elastomer used in the manufacture of bridge bearings shall contain either natural rubber 


or chloroprene rubber as the raw polymer, and shall have a hardness in the range of 45 IRHD 
to 75 IRHD. No reclaimed or ground vulcanizate rubber shall be used. 


B. Elastomeric bridge bearings shall meet the requirements of ASTM D4014 "Standard 


Specifications for Plain and Steel-Laminated Elastomeric Bearings for Bridges". 


PART 3 - EXECUTION 


3.1 


GENERAL 


. Submit to the Engineer outline details of all bearings, proposed to be used in the Works. 


These shall include the name of the bearing manufacturer, bearing types and typical drawings 
that will form the basis for approval in principle. 


. Submit detailed design calculations of each bearing type after obtaining the Engineer's 


approval in principle, which may include Finite Element Analysis of critical parts as 
determined by the Engineer, detailed drawings of each bearing type, installation drawings, 
material specification and a method statement giving installation procedure and recommended 
bedding materials for use immediately under and above the bearings. If the Engineer is 
satisfied with these submissions, he shall give approval, which will be subject to achieving 
satisfactory manufacturing tolerances and tests, the requirements, of which are given in 
related sub-sections. 


. The fixing arrangements of all bearings shall be such as to enable the bearings to be replaced 


without the need for cutting into the bridge deck or bridge pier or abutment. 


. Bearings shall be installed in accordance with the manufacturer's instructions and as directed 


by the Engineer, by competent persons who have been trained in, and have experience of, 
bearing installations. 


Bearings shall not be dismantled. Any transit bolts, straps or other temporary fixing shall not 
be removed until the bearing is fixed in its final position and the structure immediately above 
the bearing is in place. Care shall be taken to ensure that all transit bolts, straps or other 
temporary fixings are finally removed. 
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3:2 


3.3 


All bearings shall be set horizontal in both directions and all bearings shall be positioned so 
that the inscribed longitudinal axis is perpendicular to the structure axis at the point of 
support, unless otherwise noted in the Drawings or directed by the Engineer. 


. Any devices such as steel packs used to hold bearings level whilst being fixed, must be 


removed finally, so that the bearing seats only on its dry pack mortar bedding. 


. The gap between the underside of bearing and sub-structure shall be filled with epoxy mortar 


as specified by the Engineer which shall have a minimum 28-day cylinder strength of 310 
kg/sq. cm and the resulting voids filled with an approved epoxy mortar. Construction of the 
bridge superstructure may then proceed. The supporting false work and formwork of the 
bridge superstructure shall not be removed nor permit the transfer of load to the bearings prior 
to removal of the temporary supporting wedges. 


Bearings shall be maintained in their correct position during placing of the bridge deck. 
Mating surfaces of bearings shall be kept free from contamination and, after the deck has 
been completed, each bearing and the area around it shall be left clean and tidy, to the 
satisfaction of the Engineer. 


STEEL ELEMENTS 


Finished Surfaces: Metal-to-metal contact surfaces within bearings shall be prepared either 
by machining or fine grinding. As far as practicable, machining shall be carried out after 
welding has been finished. Machining of rolling contact surfaces of roller bearings or 
sliding contact surfaces shall be carried out only in the principal direction of movement. 
Care shall be taken to remove abrasive materials from finished surfaces, which shall also be 
cleaned with a degreasing agent. Finished surfaces shall be protected from contamination 
and/or mechanical damage. 


Surfaces that are to be in contact with grout or bedded on a suitable material may be left 
unmachined. 


. Bolts and Bolt Holes: Bolt holes shall be drilled or reamed. Where specified by the Engineer, 


bolts or screws shall be a vibration resistant type. Taper washers of the correct angle of taper 
shall be provided under all heads and nuts bearing on beveled surfaces. 


. Welding 


1. General: Welding procedures shall be such as to minimize distortion of the bearing 
components and to avoid damage to finished work or bonded materials. Comply with the 
provisions of the following Codes, Specifications and Standards except as otherwise 
indicated: AWS D1.5/D1.5M Bridge Welding Code. 

2 Stainless Steel: Welding of stainless steel sheet to a mild steel backing plate shall be by 
an inert gas-shielded metal-arc or tungsten inert gas metal-arc process. 


FORMING OF ELASTOMERIC BEARINGS 


. Plain Pad Bearings and Strip Bearings: Plain pad bearings shall be molded in one piece, or 


comprise single pieces cut from previously molded strips or slabs. Cutting shall produce a 
smooth surface without injurious heating of the elastomer. 
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3.4 


3.5 


B. 


Laminated Bearings: A laminated bearing shall be molded as a single unit under pressure 
and heat. 


Spacers in Molds: When spacers are used in molds to ensure correct cover to outer plates, 
they shall comply with the following requirements: 


1. The resulting exposed steel surfaces shall eventually be covered when the bearings are 
installed in the bridge structure. 

2. The spacers shall be located with a minimum distance of 10mm from the reinforcing plate 
edge to the edge of the spacer. 

3. The size of the hole left at the surface of the bearing shall not exceed 10mm diameter. 

4. The minimum practical number of spacers shall be used to ensure correct location of 
plates but in no case shall the total area of spacers exceed 3% of the bearing compression 
area. 


Final Assembly and Clamping 


After final inspection and acceptance of the various parts of the finished bearing, they shall be 
assembled and clamped together. If specified by the Engineer, sliding and roller bearings 
shall be preset at the time of fixing the clamping devices. All deleterious materials shall be 
excluded from sliding and other contact surfaces. 


Marking 


Completed bearings shall have the supplier's name (or trade mark) and a serial number 
indelibly marked thereon. The serial number shall be unique and such as to enable other 
bearings manufactured at the same time to be traced through the production control records 
should the need arise. Where practicable the serial number shall also be visible after 
installation of the bearing in the structure. The top of each bearing shall be clearly marked 
and the size and direction of preset, if any, and the direction of installation shall be indicated. 


PART 4 - TOLERANCES 


4.1 Definition: 

A. Standard Tolerances: Tolerances for flatness, roundness, cylindricity, profile of a surface, 
parallelism, squareness and position shall be in accordance with the descriptions and 
illustrations given in BS 308: Part 3. 

B. Size: Tolerances for size shall be taken to be variations from the nominal dimensions. They 
shall be used to control the overall dimensions of components with respect to length, 
thickness, height and diameter. 

C. Fit: Tolerances for fit relate to clearance and shall be taken as the difference between the sizes 
of an element and the hole in which it fits, where this difference is positive. 

D. Surface Roughness: Surface roughness shall be taken as the arithmetical mean deviation Ra 
defined in and measured in accordance with BS 1134. 
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4.2. Overall Dimensions of Assembled Bearings: 


A. General: Overall dimensions of assembled bearings shall be within the tolerances given in 
Table 4.2.A 


TABLE 4.2.A: TOLERANCES ON OVERALL SIZE 


Type of bearing Tolerance on size 
overall plan overall thickness 
dimensions or height 
Elastomeric 
Up to and including 20mm +6 + 1mm 
Thickness or height - 3mm 
Above 20mm +6 +5% 
Thickness or height - 3mm 
Other than Elastomeric +3mm +3mm 


B. Parallelism of Outer Surfaces: When designed to be parallel, the tolerance on parallelism of 
the upper surface of a bearing with respect to the lower surface of the bearing, as datum shall be 
0.2% of the diameter for surfaces circular in plan and 0.2% of the longer side for surfaces 
rectangular in plan. 


4.3 Dimensions of Bearing Parts 
A. Elastomeric Bearings 


1. Parallelism: The tolerance on parallelism for the axes of reinforcing plates with respect to 
the base of the bearing as datum shall be 1% of the diameter, for plates circular in plan, or 1% 
of the shorter side, for plates rectangular in plan. 


2. Size: The tolerance on size with respect to the plan dimensions of plates for reinforcing 
elastomeric bearings shall be +Omm and -3mm. The tolerance on size with respect to the 
thickness of the top and bottom covers for laminated elastomeric bearings shall be between 
+20% and 0% of the nominal thickness, or Imm, whichever is the lesser. The tolerance on 
size with respect to the thickness of an individual inner layer of elastomer in a laminated 
elastomeric bearing shall be + 20% of its nominal thickness value, or 3mm, whichever is the 
lesser. The tolerance on size with respect to the thickness of the side cover for a laminated 
elastomeric bearing shall be +3mm and -Omm. 
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PART 5 - PROTECTIVE MEASURES 


5.1 


A. 


Damaged Areas 


Any damaged areas of protective treatment shall be made good to the satisfaction of the 
Engineer or the damaged parts replaced. 


PART 6 - QUALITY CONTROL AND TESTING 


6.1 


A. 


6.2 


6.3 


General 
All testing shall be carried out at approved independent laboratories. 


Arrange the dates and times of tests to enable the Engineer or his representative to attend the 
tests. The Engineer or his nominated representative may attend one or all of the tests. If the 
Engineer or his representative cannot attend a test, arrange for an independent observer 
approved by the Engineer to witness the test at contractor’s cost.. 


A test report in English prepared by the independent laboratory shall be submitted in 
triplicate. The report shall include photographs and descriptions of the test rigs, 
instrumentation and all factual data with a comparison of test results and the requirements of 
the Specification. 


Material Tests 


The physical and mechanical requirements of all metal components shall be tested for 
compliance with the Specification. 


The physical and mechanical properties of elastomers for elastomeric bearings and elastomers 
used in pot bearings shall be tested according to the standards specified in ASTM D 4014 for 
compliance with the acceptance criteria set out in ASTM D 4014. 


The Engineer may, if sufficient and reliable production test certificates exist, waive the 
requirement for independent tests. The Engineer may reinstitute the requirement for 
independent testing at any time if he is not satisfied for any reason whatsoever. 


Load Testing of Elastomeric Bearings 


The sampling and load testing of elastomeric bearings shall be in accordance with ASTM D 
4014. 


. The maximum test load for vertical load, without shear deformation of the elastomer, shall be 


2 times the specified vertical load. 
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C. Shear testing shall be carried out at constant vertical loads of 50 and 100 per cent of the 
specified load. 


D. The requirements for load testing of elastomeric bearings may be dispensed with if, in the 
opinion of the Engineer, sufficient production test data exists. 


END OF SECTION 348323 
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SECTION 348326 - BRIDGE PARAPETS AND RAILINGS 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 


1.2 SUMMARY 


A. This sections specises the works of furnishing and installing bridge parapet, railings and noise 
barriers as and where shown on the Drawings or as directed by the Engineer. 


1.3 ACTION SUBMITTALS 
A. Product Data: For each type of product indicated. 
B. LEED Submittals: 


1. Product Data for Credit MR 4: For products having recycled content, documentation 
indicating percentages by weight of postconsumer and preconsumer recycled content. 
Include statement indicating cost for each product having recycled content. 


C. Samples: For the parapet. 


1.5 INFORMATIONAL SUBMITTALS 


A. Qualification Data: For firms and persons specified in "Quality Assurance" Article to 
demonstrate their capabilities and experience. Include lists of completed projects with 
project names and addresses, names and addresses of Engineers and employers, and any 
other information required by Engineer. 


B. Material Certificates: Signed by manufacturers certifying that each of the following items 
complies with requirements: 


1. Parapet railing 
2; Visual Barrier 


e Bolts, nuts, and washers shall be hot-dip galvanized in accordance with ASTM. 

e All steel structures are to be galvanized and painted. Hot-dip galvanize items as indicated to 
comply with ASTM A153/A153M for steel and iron hardware and with ASTM A123/A123M 
for other steel and iron products. After galvanizing thoroughly clean metal of grease, dirt, oil, 
flux, and other foreign matter, and treat with approved washing primer as recommended. 
Clean field welds, bolted connections, and abraded areas and repair galvanizing to comply 
with ASTM A780. 

e Welding shall be in accordance with AWS D1.1, "Structural Welding Code-Steel" and AWS 
D1.3, "Structural Welding Code-Sheet Steel." 
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Minimum electrode strength grade of E70-XXXX shall be used for minimum steel grade 
A36M. 

Metal surfaces, for metal fabrications exposed to view in the completed work, provide 
materials with smooth, flat surfaces without blemishes. Do not use materials with exposed 
pitting, seam marks, roller marks, rolled trade names, or roughness. 

Ferrous metals like steel plates, shapes, and bars shall be ASTM A36M. 

Torque-controlled expansion anchors or chemical anchors shall be A4 stainless-steel bolts, 
ASTM F 738M, and nuts, ASTM F 836M. 

Steel surfaces that are intended to be embedded in concrete shall not be galvanized, painted, 
or oiled. 

Non-shrink, metallic grout shall be factory packaged,ferrous-aggregate grout complying with 
ASTM C 1107 specifically recommended by the manufacturer for heavy-duty loading 
applications. 

All surfaces will be coated with Traffic Gray "A" Colour RAL 7042 with small light 
reflection as per AISI Standard. 


C. Material Test Reports: For the parapet and the railing from a qualified testing agency, 
indicating compliance with requirements: 

D. Field quality-control reports. 

E. Minutes of preinstallation conference. 

1.6 QUALITY ASSURANCE 

A. Qualified Engineer Qualifications: A qualified Engineer authorized to practice in Pakistan 
in jurisdiction where Project is located and who is experienced in providing engineering 
services of the kind indicated. Installer Qualifications: A qualified installer who employs on 
Project personnel qualified as a Flatwork Technician and Finisher and a supervisor who is a 
certified Concrete Flatwork Technician. 

B. Manufacturer Qualifications: A firm experienced in manufacturing bridge parapets and 
railings products complying with applicable standards requirements for production facilities 
and equipment. 

C. Testing Agency Qualifications: An independent testing agency, acceptable to Engineer, ISO 
certified and qualified according to related international standards to conduct the testing 
indicated. 

D. Source Limitations: Obtain each type or class of material of the same brand from the same 
manufacturer's plant. 

E. Testing Service: Engage a qualified independent testing agency to perform material 
evaluation tests. 

F. Mockups: 

1. Build mockups in the location and of the size indicated or, if not indicated, as directed by 
Engineer. 
2. Notify Engineer seven days in advance of dates and times when mockups will be 
constructed. 
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G. 


3. In presence of Engineer, damage parts of exposed surfaces as selected by Engineer, and 
demonstrate materials and techniques proposed for repairs to match adjacent undamaged 
surfaces. 

4. Obtain Engineer's approval of mockups before starting cast-in-place concrete elements 
exposed to view. 

5. If Engineer determines that any mockup does not meet requirements, demolish and 
remove from the site and cast another until the mockup is approved. 

6. Maintain mockups during construction in an undisturbed condition as a standard for 
judging the completed Work. 

7. Demolish and remove mockups when directed. 


Preinstallation Conference: Conduct conference at Project site. 


PART 2 - PRODUCTS 


2.1 


A. 


2.2 


2.3 


2.4 


2.5 


MATERIALS OF CONSTRUCTION 


The materials of construction of the parapet shall be aluminum alloy or structural steel or 
reinforced concrete. 


ALUMINIUM ALLOY 


Aluminum alloys used for bridge parapets and railings shall conform with the requirements 
of AASHTO M219 or BS EN 485 parts 1,2,3,4, BS EN 515, BS EN 513-1,2,3,4, BS EN 755 
parts 1 to 9, BS EN 753-3,4, BS EN 12020-1,2, BS EN 1559-1,4, BS EN 1706, BS EN 
1676. 


STRUCTURAL STEEL 


Structural steel used for bridge parapets, railings and Noise barriers shall conform to the 
requirements of the Section 5.16 "Structural Steelwork and Metal Components". The 
anchorage system shall be as shown on the Drawings or of a type approved by the Engineer. 


REINFORCED CONCRETE 


Reinforced concrete used for bridge parapets shall conform to the requirements of the 
Section 033000 “ Cast-In-Place Concrete”. The anchorage system shall be as shown on the 
Drawings or be of a type approved by the Engineer. 


ANCHORAGE SYSTEM 


The anchorage system of parapets, rails and noise barrier, which shall be to the approval of 
the Engineer, shall be such that damaged metal posts and rails can be readily replaced 
without the need for cutting the bridge deck or copings or edge units into which the 
anchorages are located. 
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PART 3 - EXECUTION 


3.1 


3.2 


3.3 


3.4 


During erection the parapet units shall be securely held in their correct positions until all 
connections and fixings are complete and the post fixings have gained adequate strength to 
develop the full holding down moment. The assessment of the adequacy of the postfixing 
shall be subject to the Engineer's approval. The finished parapets shall be true to line and 
level throughout their length. 


Ensure the proper installation of the posts and rails In case of Metal Bridge Parapet by using 
tools and procedures recommended by the manufacturer, and thereafter by competent persons 
who have been trained in the proper installation of the type of bridge parapets used. 


The rail and posts of the parapet shall be closed sections presenting no visible seam welds or 
exposed bolt heads. The shape and texture of the posts and rails and the protective treatment 
to be applied shall be as indicated on the Drawings and deviations and/or alterations to these 
shall not be permitted. 


The standard of finish of reinforced concrete parapet units shall conform to finish of approved 
units made before main production commences. Where minor blemishes and discolorations 
occur on production units making good with an approved epoxy mortar compound will be 
permitted only with express approval of the Engineer. Units, which are considered 
unacceptable for use in the works by the Engineer, will be destroyed. Considerable care will 
be given during erection of parapet units to avoid cracking or otherwise damaging the 
concrete unit or its finish. 


END OF SECTION 348326 
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SECTION 348329 - BRIDGE DRAINAGE SYSTEM 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 
A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 
1.2 SUMMARY 
A. This section specifies works of furnishing and installing gully and channel grates and frames 
on bridge decks, for collecting surface water from structures. It shall also consist of 
furnishing and installing hoppers, draining pipes and downpipes that are connected to the 
gully and channel grates. 
1.3 ACTION SUBMITTALS 
A. Product Data: For each type of product indicated. 
B. LEED Submittals: 
1. Product Data for Credit MR 4: For products having recycled content, documentation 
indicating percentages by weight of postconsumer and preconsumer recycled content. 
Include statement indicating cost for each product having recycled content. 
C: Samples: For each product used. 
1.4 INFORMATIONAL SUBMITTALS 
A. Qualification Data: For firms and persons specified in "Quality Assurance" Article to 
demonstrate their capabilities and experience. Include lists of completed projects with project 
names and addresses, names and addresses of Engineersand employers, and any other 
information required by Engineer. 
B. Field quality-control reports. 
C. Minutes of preinstallation conference. 
1.5 QUALITY ASSURANCE 
B. Qualified Engineer Qualifications: A qualified Engineer authorized to practice in Pakistan 
in jurisdiction where Project is located and who is experienced in providing engineering 
services of the kind indicated Installer Qualifications: A qualified installer who employs on 
Project personnel qualified a certified Flatwork Technician and Finisher and a supervisor 
who is a Concrete Flatwork Technician. 
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Manufacturer Qualifications: A firm experienced in manufacturing drainage products 
complying with applicable standards requirements for production facilities and equipment. 


Testing Agency Qualifications: An independent testing agency, acceptable to Engineer, ISO 
certified and qualified according to relevant international standards and codes to conduct the 


testing indicated. 


Source Limitations: Obtain each type or class of the same brand from the same 
manufacturer's plant. 


Testing Service: Engage a qualified independent testing agency to perform material 
evaluation tests and to design concrete mixtures. 


Preinstallation Conference: Conduct conference at Project site. 


PART 2 - PRODUCTS 


2.1 


2.2 


Gully and Channel Grates and Frames: Frames and grating shall comply with AASHTO 
M105, ASTM A48/A48M or BS EN 124 for cast iron. 
PVC AND UPVC PIPES: 


a. Pipes of synthetic materials for general drainage use shall confirm to DIN 8061 / 8062 
Class 10 kg/cm’ as stated on the Drawings or the Bill of Quantities. 


b. Fittings shall be to DIN 8061 / 8062 fabricated from pipe. 


c. Joints shall be to DIN 8061 / 8062, socket spigot with rubber sealing rings to BS EN 681-2 
[10]. 


PART 3 - EXECUTION 


3.1 Drainage pipes and gullies shall be laid to the lines and levels and bedded, laid, jointed and 
protected, all as shown on the Drawings, or as established by the Engineer. 

3.2 Ensure and take adequate precautions to prevent any displacement of the pipes during the 
concreting operation when drainage pipes are cast into concrete structures. 

3.3 Drainage pipes shall be tested for watertightness and the test procedure shall be agreed with 
the Engineer. Where drainage pipes are located within the cellular parts of a bridge deck 
where access after completion of the deck is limited, then the installation and testing of the 
pipes shall be completed and accepted by the Engineer before the deck construction is 
allowed to proceed to the stage where free access to the pipes will not be possible. 

END OF SECTION 348329 
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SECTION 348333 - BRIDGE WATERPROOFING SYSTEM 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 
A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 
1.2 SUMMARY 
A. This Section includes the following: 


1. Waterproofing system for Decks. 
2. Protection Coating to Concrete 
3. Under-ground water proofing system 


B. Related Requirements: 


Section 071326 “ Self-Adhering Sheet Waterproofing” 

Section 071353 “ Elastomeric Sheet Waterproofing” 

Section 071355 “ APP-modified Bituminous Sheet Water proofing” 
Section 348319 “ Bridge Expansion Joints” 


Pem 


1.3 PREINSTALLATION MEETINGS 
A. Preinstallation Conference: Conduct conference at Project site. 


1. Review waterproofing requirements including surface preparation, substrate condition 
and pretreatment, minimum curing period, forecasted weather conditions, special details 
and sheet flashings, installation procedures, testing and inspection procedures, and 
protection and repairs. 


1.4 ACTION SUBMITTALS 
A. Product Data: For each type of product. 


1.Include construction details, material descriptions, and tested physical and performance 
properties of waterproofing. 

2.Include manufacturer's written instructions for evaluating, preparing, and treating 
substrate. 


B. LEED Submittals: 


1. Product Certificates for Credit MR 5: For products and materials required to comply 
with requirements for regional materials, certificates indicating location of material 
manufacturer and point of extraction, harvest, or recovery for each raw material. Include 


BRIDGE WATERPROOFING SYSTEM 348333 - Page 1 of 4 
P21161/4309-04-TD-SPC-15A1-BR-01 REV 0 


RFP — Karachi Mobility Project (Yellow BRT) — PK-SMTA-334960-CW-RFP 
Procurement of Package - 4: NEW JAM SADIQ BRIDGE (Yellow Corridor Segment 3) 
Volume (2): Part (B) Specifications (2 of 2) - 348333 - Bridge Waterproofing System 


1.5 


1.6 


statement indicating distance to Project, cost for each regional material, and fraction by 
weight that is considered regional. 


Shop Drawings: Show locations and extent of waterproofing and details of substrate joints 
and cracks, sheet flashings, penetrations, inside and outside corners, tie-ins with adjoining 
waterproofing, and other termination conditions. 


1. layout drawings showing locations of submembrane containment strips and control test 
drains. 

2. Include setting drawings showing layout, sizes, sections, profiles, and joint details of 
pedestal-supported concrete pavers. 


Samples: For each exposed product include and for each color and texture specified, 
including the following products: 


1. 300-by-300-mm square of waterproofing and flashing sheet. 


INFORMATIONAL SUBMITTALS 


Qualification Data: Installer Certificate Signed by sheet waterproofing manufacturer 
certifying that Installer complies with specified requirements. 


Field quality control reports: Product Test Reports from a qualified independent testing 
agency acceptable to Engineer, indicating and interpreting test results of waterproofing for 
compliance with requirements, based on comprehensive testing of current waterproofing 
formulations. 


Sample Warranty: Before starting waterproofing, copy of waterproofing manufacturer's and 
Installer's warranty stating obligations, remedies, limitations, and exclusions 


QUALITY ASSURANCE 


Installer Qualifications: An entity that employs installers and supervisors who are trained and 
approved by waterproofing manufacturer. 


Mockups: Build mockups to verify selections made under Sample submittals and to set 
quality standards for installation. 


1. Build for each typical waterproofing installation including accessories to demonstrate 
surface preparation, crack and joint treatment, corner treatment, and protection. 

2. Approval of mockups does not constitute approval of deviations from the Contract 
Documents contained in mockups unless Engineer specifically approves such deviations 
in writing. 

3. Subject to compliance with requirements, approved mockups may become part of the 
completed Work if undisturbed at time of Substantial Completion. 
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PART 2 — PRODUCTS 


2.1 


2.2 


2.3 


A. 


WATERPROOFING SYSTEM FOR DECK 


Proprietary Waterproofing Systems: Proprietary waterproofing systems shall be app-modified 
bituminous membranes reinforced with layers of suitable reinforcement, bituminous coated 
polythene sheet, plasticized polyvinyl chloride sheet, other approved membranes or 
applications of resinous reinforced coatings. The type to be used shall be as indicated on the 
Drawings and shall be chosen according to its location and serviceability. The specific 
system shall be approved after site trials, should the Engineer decide these to be necessary. 


. WARRANTY 


1. Manufacturer’s warranty: written warranty signed by waterproofing manufacturer and 
installer , and countersigned by contrcator, agreeing to replace waterproofing material 
that does not comply with requirements or that does not remain watertight during 
specified warranty period. Warranty includes responsibility for removing and replacing 
construction and other works that conceals waterproofing memebrane. 


a. Warranty period: 20 years from date of taking over. 


2. Installer’s special warranty: specified form signed by installer, covering works of this 
section, for warranty period of 15 years from date of taking over . 


a. Warranty includes removing and reinstalling membranes and protection system. 


PROTECTION COATING TO CONCRETE 


Protective Coating to Concrete: The coating shall be acrylic based designed for the 
protection of concrete structures against carbonation and chloride ingress. It shall have 
sufficient elasticity to bridge concrete cracks and U.V. resistance to maintain its appearance. 
Performance properties shall be to the Engineer’s approval. 


WARRANTY 
1. Manufacturer’s warranty: written warranty signed by waterproofing manufacturer and 
installer , and countersigned by contrcator, agreeing to replace waterproofing material 
that does not comply with requirements or that does not remain watertight during 
specified warranty period. Warranty includes responsibility for removing and replacing 
construction and other works that conceals waterproofing memebrane. 


a. Warranty period: 5 years from date of taking over. 


2. Installer’s special warranty: specified form signed by installer, covering works of this 
section, for warranty period of 3 years from date of taking over. 


a. Warranty includes removing and reinstalling membranes and protection system 


UNDERGROUND WATERPROOFING SYSTEM 


For buried reinforced concrete structures, refer to the following sections: 
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1. 071326 “ Self-Adhering Sheet Waterproofing” 
2. 071353 “ Elastomeric Sheet Waterproofing” 


PART 3 — EXECUTION 


3.1 


3.2 


Examination: substrates should be fully complied with membranes requirements and 
conditions that affecting performance. 


Surface preparation and installation should be as per manufacturer’s requirements. 


PART 4 - FIELD QUALITY CONTROL 


4.1 


4.2 


4.3 


Engage a site representative qualified by waterproofing membrane manufacturer to inspect 
substrate conditions, surface preparation, membrane application, protection and others , and 
furnich daily reports to Engineer. 


Testing: flood test each deck area for leaks for 72 hours according to recommendation of 
specified membrane test standard, after completing waterproofing and before overlying 
construction is placed. 


Engage an independent testing agency acceptable to engineer, to observe flood testing and 
examine underside of decks and terminations for evidence of leaks during flood testing. 


PART 5 - PROTECTION AND REPAIR 


5.1 Do not permit foot or vehicular traffic on unprotected horizontal membrane. 

5.2 Protect waterproofing from damage and wear during remainder of construction period. 

5.3 Correct deficiencies in or remove waterproofing that does not comply with requirement, 
repair substrates, reapply waterproofing. 

END OF SECTION 348333 
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